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Like folk tunes, science projects such as these are continually being changed 
and improved upon as they pass hand to hand, shop to shop. 'vegiven credit at 
theend of each project section if I can recall where I picked up the idea, whether 
for not thet wasits true origin. 











Bisnis: tat dryers car surters vacuam deaners, power drills, CD, DVD, 


VHS and cassette players, refrigerators, heaters and AC units, washers and 
dryers, air compressors, electric toothbrushes, cell-phone vibrator units, ceiling 
fans, and remote control cars—what do these thing: have in common? They are 
all powered by electricity. but also by magnetism, because an electri motor lies at 
the heartof each of them, 

Electric motors are amazing devices. You put in an electric current and you get 
‘outa rotating shaft. Attach something tothe shaft, and it will rotate as well. Over 
the 19 decades that these devices have been around, they have done a lot of work 
for humankind. Today, people without access to electric motors spend a lot of 
time and energy doing things that are effortless for you and me, such as washing 
clothes, In other words, no more whining when you have to move your clothesin 
andout of two machines that basically do all the work for you. 

Large electric motors power ski lifts, pumps, elevators, some buses, and more 
and more family cars. You usually have to get some sort cf technical degree before 
You get te play with these types of motors, But smal ts also beautiful, Nowadays 
you can buy motors smaller than your pinky for a few bucks, You can find the 
least expensive commercial motors, about the size of your thumb, for around 
60 cents, You can also get one for free by ripping it out ofan old toy. Theres no 
Teason not to have several of these motors sitting around your house to explore 
and experiment with. 

Thave been tinkering with small motors since I was eight years old. AS 
1 selected the projects to include, I realized that theyare just the tip of the 
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Iceberg. Dozens of brilliant projectsare possible with the low-cost, low-tech 
‘components and building techniques described here, so don't stop with what's 
in this book. Bump it upa notch, beby, and create a truly original kinetic 
‘masterpiece to call your own. But don't spend any money on it 

Pd love to hear from you ifyou come up with something magnificent. If itsa 
truly original kinetic cortraption masterpiece, Il make you famousin the next 
book. You can e-mail your ideas to me at informatien@curtgarielson.com. 

Happy tinkering! 








Electromagnetic History and Accidental Science 


(on Apri 21, 1820, the Danish scientist Hans Christian Ørsted was fiddling 
around with some parts he used to make electrkeity and megnetam 
demonstrations, Among other things, he ad wires, batteries, and a 
compass. Upon connecting a wire across a battery, he was startled to 
notice a twitch in the compass, which was laying near the wire. 

This was arguably the most important discovery of the ith century. 
1t was the frst direct connection observed between electricty and 
magnetism. Up until that time, the phenomena associated with these two 
‘areas, while astonishingly similar in many respects, were always thought 
‘ofas separate. Today all modem motors, transformers, tube-type video 
screens, soleroids, electromagnets, and magnetic storage devices are made 
possible through our understanding of this link. Even the electric lights you 
are using to read this are almost surely powered by a faraway gereratos, a 
device which essentially uses magnetism in motion to create electricity. 

We can leam two key lessons from Ørsted. Fist, it rarely pays to have 
your workbench too nest and clean-you may miss the most important 
discovery of your time! (Obviously, this is a message your parents must 
hear.) Second. casual tinkering combined with careful observation can 
lead to great stuff. 

So ifeither your science teacher or textbook gives you the message that 
science happens through a lockstep process in which trained professionals 
traverse a wel-known road tovard the next great scientific discovery, you. 
must stand and shout, "Balderdash!" A long stof earth-staking, history= 
changing finds, including (among many athers) X-rays and radioactive 
decay, small-pox vaccine. Teflon, matches, penicillin, polyethylene, glass, 
and DNA, were stumbled upon by fiddling and tinkering, all the while 
looking closely at what was happening. 
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Introduction 


‘TIPS FOR USING THIS BOOK AND BUILDING GOOD STUFF 


© The chapters "Getting Started” "Rasic Crculty” “Mounting the Motor” and 
“Peripherals fill you in on the low-tech elements used to build the kinetic 
contraptions throughout the book. You probably should at leas skim those 
chapters first 

© After that, you dont necessarily need to start at the beginning, Jump rightto 
the project that strikes your fancy 

© The projects are divided into casy (WC), medium (WHND}), and hard ( EIP 
Ifyou havent built much before, start with the projects marked easyand work 
your way up 

Look tal the photographs first, and then, if you need more information, read 
the words 

© You can learn valuable information by reading “The Science Behind It section 
atthe end ofeach project. Many other raw science and engineering concepts 
are in the introductory chapters and the final chapter, “Exploring Motors” 
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Tools and Materials 


Many project books will begin with a clean picture of the parts you'll need to 
build the project all lined up neatly on the table with nothing else around. This 

is clearly bogus—real projets are spawned in the crucible ofa good workshop 
packed to the gills with interesting junk of all sorts anda wealth of common 
supplies and materials. You simply can't do good science or engineering from a. 
tidy set of custom selected parts laid out in a row. 

Tn other words, yos should immediately begin accumulating interesting junk 
to work with (ifyou haven't already). TI lista bunch ofthings T use all the time, 
‘but any random object that you come across may turn out tobe the key element 

for your next project. It has happened to 
me many times 

It pars to be organized, however, ven 
if you'renot neat and clean. Keep all 
‘your parts and pieces together in little 
boxes so that each time you to go werk 
‘on something, youve got the whole 
range of components availabe to yon. 

‘Make a space for yourself to tinker 
and explore It could be litletable or 
a corner of a room or a section of your 
garage. Call it your Prototype Design Lab and make a permanent PROJECT IN 
Process sign so that your parents dont expect you to clean itup all the time. ; 











Toots 


Tools from the following list may be required to build the kinetic contraptions în this 
book Ther again, you can always improvise. As my dear old dad said, "You have to 
have the right tcol for the job. But if you don't, you stil have to do the job!” 


© Drill with bits 
Fie 

Hacksaw 
Hammer 


eooo 


Hot glue guns with plenty of glue sticks—low temperature works fine and is 
safer, but high temperature bonds a bit better 


Knives: box cutter, hobby knife, and razor blade 
Needle-nose pliers 
Pliers 


eseo 


Ruler 


Scissors 
Screwdrivers lat and Phillips, large and small 
Side Cutter 

Vice or G-clamps 

Wood siw 


MATERIALS AND SUPPLIES 


tis good to have the following stuf on hand to do these projets, and as inspiration 
{for thousands of other projects. You can check my Web ste, ww: curtgabrielzon.com, 
{for more information on where tofind materials, 


® Motors: Buy one or two at an electronics shop or order a dozen on the Web, Or 
‘you canrip them out of old toys. 

© Batteries: Cheap batteries at 99-cent stores don't last long but they're what 
‘we use most of the time. If you screw upand leave a project connected, it will 
drain a high-quality, high-cost battery just as completely as cheap one. The 
best option, however, is to invest in rechargeable nickel-metal hydride (NIMH) 
batteries anda charger. They'll last for years ifyou take care ofthe, so they 






Getting Started 


are cheaper than any other type in the long run. Even solar-powered chargers 
are available, 


© Electrical Wire: Thin copper wire from phone or Internet connections isused 
fon most of these projets, You could also use bare copper wire, but if it contacts 
another wire you'll have a short cicuk. For the projects in the “Exploring 
Motors” section (page 149) you'll want magnet wire of24 to 30 gauge. Ifyou buy 
Just one size, get 26 gauge. You can buy it on the Web er at a motor repair shop, 
or you can rip apart an old transformer or large motor. For the speed control, you 
can ind an old toaster at a resale shop and rip the heating element wire out of it 

© structural Wire: Baling wire is useful, as are clothes hanger, picwre-hanging 
ire wire twisty ties, pipe cleaners, and even old bicycle spokes. 

© Kitchen and Household Staff: Disposable utensils, cups and plates (all different 
types), bamboo skewers, oothpicks,clothespins, straws, paper, and alaminum 
foil. 

© Office Supplies: Binder clips, pencils, paper clips (large and small), stapler, 
Tubber bands ofall sizes, tacks, push pins, and brass fasteners. 

© Corks, Film Canisters (a dying breed thanks to digital cameras), and Thread 
Spools: In really old project bocks, you'll see a lot of references to thread 
spools, In many cases, you used to be able to substitute a fiim canister but 
‘these days it isalmost as easy to finda thread spool as a film canister. A few 
other things can fill in for these two endangered species: salsa cups, medicine 
bottles, and corks. 


© Wheels: Bottle lids, flm canister lids, checkers, poker chips, large beads, and 
wood circles cut with a hole saw. 

© Tape: Black (electrical) 15 the most commonly used tape in these projects, but 
transparent, masking, and duct are also useful to have around. 

@ Fasteners: Nails of various sizes can be used, or for an even stronger hold you 
can use drywall screws and a hand drill. 

«© Wood: Three standard sizes forlight construction: paint paddles (for string 
a gallon of pait—usualy free at the paint shop. so grab a handfull), tongue 
depressors, and craf “Popsicle” sticks. Forbeefe projects, 1-by-2-1nch furing 
strips are quite useful, and a small pile of scrap wood from Minch to % inch 
thick is needed for baseboards and other parts. Wood dowels Y4 inch to Yis inch 
are quite useful 

Decorations: Paint, markers, glitter, ribbons, colored paper, stickers, pff balls, 
Pipe cleaners, etc. 





| gulsts tot of specifie safety procedures, but mos ofthe time it comes 
down t this: be cautious and don't be stupid. Safety should always be your first 
priority. If you don't put it first, you'll get a bloody finger or a damaged cornea 
instead ofa fun project. 

Most of the injuries kids have suffered at the Watsonville Science Workshop 
have come from hot glue and knives. Here are a few pointers for avoiding injuries: 


(© Wear safety glasses when using any power tool, 


© Never touch the tip of the hot glue gun, and don't touch the glue when it comes 
out. Ifyou do get hot glue on you, wipe it off as quickly as you can or it will 
continue burning (If you do happen to get burned, you can learn a lot about 
the amazing function of skin as you watch it beal) 

© Always cut away from yourself with a knife. 


© Keep your other hand sway from the tool when using a knife, hammer, saw, or 
aril, 

© Unplug something before you take it apart. Even then, capacitors may be 
holding a charge that could hurt you. Don't open or disassemble anything 
that says “Danger” or “High Voltage” on it—definitely not a TV or computer 
monitor. 

© Get adult help if you have the least concern about the safety of a procedure. 
That's what they're there for. 
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"wo main componeats—batteres and motors—will make your kinetic 
contraptions go. To be specific, batteries provide the energy for your machine 
and the motor provides the force. 
Electrical energy is stored in a battery. Generally speaking, the biggera battery 
is, the more energy it stores. However, there is nota direct connection between 
the size of a battery and the voltage it gives. For example, AAA, AA, C, and D 
batteries all give about 1.5 volts. But you can bet your best wire strippers that the 
D battery will last a lot longer than the AAA in a given circuit. Ifyour contraption 
must be lightweight, go for the smaller batteries, but understand there's a tradeoff, 
Rectangular 9-volt batteries are actually six cells of 15 voks each—rip a dead 
one apart and see for yourself. (Alkaline batteries contain nastier chemicals 
then 9-volt batteries, so dont rip alkalines apart.) I've had bad luck using 9-vot 
batteries for motors. Sach small cells just don't hold enough energy for a motor or 
other high-current application. Once connected, the battery meets a hasty deth. 
Chemicals within a battery stand ready to carry out two separate reactions: 
one producing excess electrons, the other consuming them. If you connect those 
two reactions with a conducting path, the reactions will begin and the electrons 
will flow from one to the other, making electricity (direct current). A copper wire 
works well for making the path—if you use jast copper wire, an enormose gush 
of current will flow from one end of the battery to the other, and your battery 
will die within a few minutes. It may also get hot from the chemical reactions 
happeningso fast, The wire will get hot, too, from all the collisions among 
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those electrons cruising through it. Andif the wire is too small or the wrong type, 
itmay even melt or bura up. 

Ion the other hand, you direct the electricity to flow through the motor on 
its way from one end ofthe battery to the other, the motor will turn, producing 

nical force to do work for you. Clever, eh? You can imagine how excited 

the first people who worked out this little trick must have been. Later in the book 
you'll earn more sbout how this trick is pulled off. For now, it's time to explore 
the nitty-gritty of how to make great contraptions with a motor and a battery. 





Good Connections: Key to a Well-Functioning Circuit 


‘Abad electrical connection won't let the electricity flow freely, so your motor 
‘won't be as strongas it could be. It is important for each connection to be solid. 
Some motors come with wires already connected tothem. Others have small 
“ears” to which you connect wires. All simple motors have just two paces to 
connect to, called terminals, which is convenient because a battery ako has two 
sides. Connect one terminal to each end of the battery and your motor should 
spin happily. Tey this be 





motor circuit. 





Stripa bit of insulation off both ends ofeach 
wire. The insulation is made of plastic, which 
the electricity can't pase through. Attach 
‘one wire to each ofthe motor ears, making 
sure the exposed copper mikes a direct 
‘connection with the ear. Be careful not to 
twist the eats on the motor too much—if you 
break one of there's only a slight chance that 
youll be able to tape or solder it back on. 








Make sure the points ofthe fasteners 
are sticking out above the edge of 

the battery. Now take a longer piece 
oftapeand wrap itas tightly as you 
can around the battery, end over end, 
stretching it hard over each pole so that 





the brass fasteners are squeezed tightly 
against the two ends of the battery. 





Hene isthe same set up but with 
aluminum tabs instead ofthe brass 
fasteners 
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To complete the circuit, you can tape 
‘the bare wire tips to opposite ends of 
the battery, but often that connection 
won't be good. Brass fasteners make 
a much better connection, but small 
tabs ofaluminum foil folded over 
several times willalso do the trick, 


‘The best way to attach these tems 
onto the ends of a battery to make 

strong electrical connection is to 

exploit the stretchiness of electrical 
tape. First, smash the brass fasteners 
fat and affix one to each end of the 
battery 

tape. 





h short pieces of electrical 
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‘You may also want to bend 
one ofthe brass fasteners 
around the paper clip at one 
end so that t doesn't slp off 
as easily. 


Now, twist each stripped end ofthe two 
wire leads attached 1o the motor around 
a paper dip, so that both of the “double 
ends” ofthe paper clips are ree to clip 
‘onto something. That something willbe 
thebrass fasteners. Be sure the wiresare 
ted tightly to the paper clips—every 
connection counts. 





"These two paper clipe willbe used for 
their intended purpose: clipping onto 
something thin. Don't hang them 
loosely over the brass fasteners or the 
connection won't beany good—slide 
them anto the upright posts. This is rot 
only a good connection system, but also 
a good simple switch. When the paper 
clips are both connected, the motor 
should spin. When one is disconnected, 
the motor should stop. 








Stick something, such as a small piece of tape, onto the shaft of the motor 

so that you can see it turning, Then disconnect both wires from the battery 

and reconnect them to the opposite sides. Does your motor turs the opposite 
direction? (It should.) This phenomenon is called polarity. The battery has a 
positive pole that “takes” electrons, and a negative pole that “gives” electrons, The 
direction in which you send those electrons through the motor will determine 
which direction the motor turns. 


Ifyou can determine the polarity 
Pe you want before you tape up the 

battery, it is possible to makea 
permanent connection on one side of 
the battery and leave the other side 
Tose for a switch. Simply wad some 
aluminum fol over one ofthe wires 
and tape it directly to the battery. 
‘This makes one less questionable 
connection to go wrong, 


Ifyou can geta hold of some 
alligator clips, they work even better 
than the paper clips for connections, 








More Batteries = More Energy (and Often More Voltage) 


Batteries connected in a row, bead to tail, add their voltage together, Thisis called 
a series arrangement You can read more about that in the box below, but for now, 
know that you can get the motor to turn faster and stronger by adding batteries 
together in series. 


1 you want to conns 
batteries to a motor, tapeeach one up 
separately and then connect them with 
wires, head to tail (that is, positive to 
negative). 








(Or you can attach them together 
directly by aligning positive to negative 
ends and putting brass fasteners on 
opposite ends. 


Notice how the black tape in the arrangement above is going the long way around 
the batteries. Itis tempting to wrap black tape around the circumference of the 
batteries as shown in the photo below, bu! don’ do it. Ifyou do, the black tape 
‘often squeezes down between the two batteries and the elasticity ofthe tape 
forces the two batteries apart so they dont touch beneath all tat tape, You want a 
tight connection so the electricity is ree to flow. Always wrap the long way. 


Don't do this 








Another way to hook batteries together 
isto wrap something around them. 
Inside a tube they'l slide together 
nicely. D batteries ft loosely inio a toilet 
Paper tube, but you can snug itup if you 
scrunchit together on one sideand tape 
AA batteries fit nicely insidea Y-inch 
PVC tube. That makes a nice holder but 
it can bea bit heavy if weight isan issue 
foryour machine. Likewise, a C battery 
fts into a 1-inch PVC tubing. Tubing this large gets expensive, but sometimes you 
can get a store to ind a scrap piece for you, (After all, it's for a science proj 
can add as many batteries as you want inside tubing like this, then cut the tubing so 
that the end batteries stick out a blt to connect rhe wires. 











Ifyou want to add even more 
compression beyond thespringiness of 
black tape, you can stretch wide rubber 
bands around the battery packs. This 
can be helpful even on a single battery 
to hold the brass fasteners tightly in 
place. Itis sometimes tricky to get the 
Tuber bands to stay on the rounded 
end of the batteries, but given a little 
can make it work. In general, if you consider thase connection problems 
up front, you'l have less to worry about later. 











Finally, ifyou make a project 
that you want to beon only while 
you're standing next to it, there is 

a fine method aligned with the all- 
important, ewr-powerful engineering 
philosophy known as K.1SS: Keep 

It Simple, Stupid, Fold one stripped 
end of awire into awad of aluminum 
foil and tape it to the fat end of the battery. (You can put the other side up if you 
want, but then the battery won't stand up aswell, Change the wires at the motor 
side if you want to change the direction it spins) 
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Put a nail or dowel into the baseboard 
and tape the battery 1o it, standing 
upright. 


Now, when you pressanother wire from 
the other end ofthe circuit onto the top 
of this battery, è will complete the circuit 
Basically, you've builta momentary 
switch, normally open, onto theend 

of your battery. You can ako stack up 
two or more batteriesand use this same 
arrangement. This type of battery pack is 
usedon several projects in this book. 
Ifyou have some money 1o burn and time pressure or stress about putting 
together these simple battery packs, you can always buya commercial battery 
holder. I think they're unreasonably expensive and view them as cheating. You 
won't find any in my workshop... except those I have ripped from the carcasses 
ofother toys 
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Solar Power 


This book ony refers to battery power, but keep in mind that yeu can put 
asolar panel on any of hese projects. Of course, you'll need some sun (or 
‘a wickedly bright ight) to make a contraption 
‘gp when it is solar powered. Most small solar 
Panels give low current, so the motor won't beas 
powerful as when used with a battery, 

The best projects to power with a solar panel 
are thePlane-on-e-stick (page 85), Airboat 
“page 6). and Wave Machine (page 130) 
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“There are two basi types of circuits: series and parallel. 


Here are two motorsin series 














Here are two motors in parallel 























‘When arranged in parallel, both motors get the fall voltage of the battery. 
When arranged in series, they share, Because ofthe difference, the motors 
in the parallel circuit would be stronger than the series motors, but the battery 
‘would run down faster. And, if one motor burned out, the other would keep 
going. 

“The motors arranged in series would be wesker than the parallel motors, but 
the battery would last longer. And, if one motor burned ont, the other would quit 
too. What happens if you stop one of the series motors from turnings bit more 
‘complicated. Try it and see! 





Here are two more battery and motor arrangements 


One motor with two batteries in series 























(One motor with two bateriesin parallel 























‘The batteries in parallel would last longer, but the motor would go slower. It 
gets only 1.5 voks, the same as from one battery. The batteries in series will die 
faster, but the motor will go faster while they last. I gets3 volts, the sum of the 
batteries’ voltages. 





The Roach: Motor Circuit on a Stick 


Now that you know the simple circuit necessary to make the motor go, you can 
‘mount the motor wherever you want, ran wires to it, and youire in business. 
‘The projects in this book will show a motor mounted on a CD, a cup, a bottle 
cap, and other items, but about half of them have the motor mounted ona stick. 
‘One popular high-tech tinkering system wees a device called a “Cricket.” It's 
small microprocessor that can coordinate the actions of speakers lights, motors, 
‘magnets, and more. Itis great fun and you can learn a ot, but buying one will set 
you back a couple hundred dollars. 

For our projects we will build what this book calls a Roach—a motor with a 
battery pack anda switch. It runs when you turn it on, and is used to build a lot of 
{great projects. And it only costs about SI. 
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“The Reach is not complicated to 
build. First, glue a motor onto one 
ead ofhalf a patnrstiering paddle, 
but be careful you don't get glue in 
| the tiny holes in te motor sing 
MU After rhe glue dries, check the morar 
eae 
A your fingers. If it doesnt spin easily, 
you may hawe glued its innards 
together. No biggie—often you can take the motor apart, pick out the glue, then 
put it back together. Once the motor is mounted. gle a battery pack (as described 
above) to the middie of the paddle. There's your Rosch, 






‘The Rosch arrangement above is called an 
End Mount Roach. You can ako mount the 
motor perpendicular to the suck: the Side 
Mount Roach, 





Instead of halfa paint paddle, you can use 
a tongue depressor or even a craft stick if 
you're building a tiny project. 





“The Roach can be mounted on various different bases or chassis to create a 
huge variety of kinetic contraptions. You can fasten it to your device with glue, 
tape, rubber bands, or binder ips. Many of the projects in this book make use 
of the Roach. I wort tell you how to make the Roach again—the instructions will 
just eall for an End Mount Rosch or a Side Mount Roach, and suggest sizes and 
numbers of batteries for the battery pack. Often you'll beable to switch out the 
Roach from one project and use it for another one. 


Mounting the Motor 


Soldering 


you want tobe sure your electrical connections are always solid, you can solder 
them. This is especially useful ifa project is such a success that youll want to play 
with it alot, even changing the battery when it dies. 

A soldering iron or gun is a great tool, but be aware of three dangers: 


® A soldering iron is hot. Way lot. You may have accidentally touched the tip 
ofa glue gun, or hot glue that was still het, and thought that hurt. Well, that 
was nothing, my friend. A soldering iron will inflict a much moze serious burn 
that will hurt for days and likely leave a scar for months, Needless to say, you 
should keep your tender digits (or anything other than solder) away from it 


© Most electrical solder has lead in it. Lead can mess up your brain. Therefore, 
you shouldnt getit anywhere near your mouth, you should wash your hands 
when you're dane soldering, and you shouldn'tbreathe too much of the smoke 
that comes up as you solder. Though most of the smoke you'll se is not lead, 
PIL bet there is some lead vapor in it, and you don't want ANY lead in your 
body. Zero. 


© If you leave the soldering iron plugged in and lying on your table with perhaps 
a bit of paper or cardboard below it, you can easily burn your house down. 


And final warning about the soldering iron: al three ofthese reasons for 
nition mean you should never neverlet your litle brother or sister anywhere 
near it 
Soldering for these projects is not dificul because you don't have to worry 
about screwing up some sensitive component. Just remember that the key to 
Soldering is to get the wire and other pieces that you're hoping to stiek together 
hot, then melt the solder onto them. Patience—it takes several seconds of waiting 
with your soldering iron touching the joint to get everything hot, Ifyou just 
‘melt the solder with vhe iron and et 
drip down onto the joint, youll geta 
Pathetic, ugy joint. In soldering, as 
in many things. beauty isa sign of 
aval 
Finally, while tis quite posible to 
toldera wire to the endofa battery, 
font do it, On theside ota battery t 
dearly says aot to heat it up, for i may 
explode or mease torie chemicals, 
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Connecting the Motor Shaft 


Once you've got the motor happily whirring away on the Roach, you may pause to 
wonder how you'll ever get that tiny shaft to do anything useful. Most commercial 
devices use a gearbox with one gear fitted firmly onto the motor shaft. It is nearly 
impossible for the average tinkerer to build efficient gears, and you have to go to a 
specialty shop to buy a gearbox. 


Never fear—there are low-tech ways 
around this problem. The easiest way 
isto exploit the properties ofa hot 
ghue stick to do the job. Hot glue, 
when cool, has a good deal ofelasticity 
and will grab a motor shaft tightly if 
you jam it on. So cut a small segment 
‘of hot glue and pokea hole into the 
end oft with a nail. 





Or better yet, drilla hole in it with a 
mail stuck into a drill Jike a drill bit 


The motor shaft will then jam snuggly 
up into the glue stick. 

Be careful to drill the hole as 
straight as possible so that the glue 
stick segment doesn't webble when it 
spins. Your glue stick segment should 
spin together with the motor shaft as 
‘one. Most of the projects here use this 
low-tech element. 
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Propellers and Impellers 


‘One thing you can do with a glue stick segment connected to your motor shaft 
is to attach bent piece of plastic to in order to move air or wate. This creates 
a propeller, used in several projects here. The Fan project (page 99) pushes air to 
your face. The devices in the Air and Water Machine chapters push offa fluid to 
gettorce to go forward. 

Ifthe piece of plastic you use for a 
propeller is flat, it wil slice through 
theair quickly but the air will not 
move, A propeller must e bent in 
such a way that the tips “scoop up” 
fuid (eithera gas ora liquid) and 
throw it perpendicular to the plane 
of rotation of the propeller. 
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A few years ago, I stumbled upon a 
slick way w build a propeller: if you 
cut a propeller out ofa plastic soda 

bottle at asligat angle, the carving 

bend will be already present in the 

piece rhat comes out, 





‘The phow above shows a 2-liter bottie witha large propeller for a fan or 
Airboat drawn on it. If your machine is pushing on ait vou need a bigger 
propeller. You don't want it tco long (and heavy) though, or the motor will not 
haw enough power to turn it fast, These motors are made for high speeds and are 
‘weak at low speeds. Propellers in water don't hive to be as large—water is denser, 
so you don't have to push as much of i to get the force you need, 
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To make an impeller, cut a glue stick 
segment and drill a hole for the shaft 
in one end, as described previously. 
On the other end, use a knife to 
make a slit about % inch deep. This 
is a bit risky, but if you hold the glue 
stick over the edge ofthe table as is 
shown in this photo, you won't cut 
your fingers if the blade slips. 


Once you've got the propeller piece cut 
out, fasten ii to the end of the hot glue 
segment, First glue it on, and then tack 
‘from the outside with a thumbtack. 
The tack alone may let the propeller 
spin loosely; the glue alone may fall 

ol. Together theyare unstoppable. 


Many of the projects in this book use 
the propeller assembly. 


Unlike a propeller, an impeller throws 
fuid out from the center. 
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Cut a flat rectangle of plastic from a 
scrap cup or bottle. Slide thisinto the 
slit on the glue stick segment. Ifit seems 
loose, you can glue it in place The 
impeller is now finished. 





‘The Pump (page 140) Tornado (page 103), and Snow Globe (page 107) projects 
use an impeller, each with a slightly different arrangement, 


Drive Systems 


Propellers and impellersare called direct drive systems, because they are attached 
directly to the shafi of the motor. Most light aircraft and pumps use direct drives. 
You can also stick a wheel directly onto tke shaft of the motor, and youll have a 
direct drive wheel. But a direct drive is often not good enough. A hobby moior 
spins fast, but sometimes you want i to spin slowly. And sometimes you'll want 
more force (or torque) from the motor than what the shaft gives directly. You'll 
need a more complex drive system, which you can make using a rubber band as 
belt 
Loop a rubber band around the shaft ofthe motor and then around some other 
<ylinder—a film canister, bottle, or cork—that is parallel to the motor shaft. With 
‘this assembly, you can make things turn slower and with more torque than you 
‘can with a direct drive, You'll sill went to 
“tick the short segment of hot glue, pre- 
drilled with a nail hole, onthe ip ofthe 
shaft in this arrangement to prevent the 
rubber band from slipping off. 
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It may not seem right, but you usually want to use thin, spindly rubber bands, 
‘Thick ones generate too much friction between the motor shaft and cylinders. 
‘Thin ones also have larger range of sretchiness at the right tension, and you'll 
want fainy low tension. Ifyou put too much tension on the shaf, the motor just 
stops. These hobby motors you're dealing with are not mega-power engines. It is 
best to use a rubber band that has a square cross section (as opposed to flat) so 
‘that it can twist and roll over itself without too much difficulty, Round would be 
betien, but those are not casy to find. 

Rubber-band drives are used on the Transmission Car (page 57), Spinning 
Pinecone (page 116), and Paddlewhceler (page 73), among others. You have to 
putthe system together carefully and make sure the motor’ shaft is more or less 
parallel to the cylinder that it'sturning, This will prevent the rubber band from 
riding up on the section of glue stick at one end of the sha or the motor easing at 
the other end, It is easy to do this by changing the angle and position of the Roach. 
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‘Transmission Physics 


“Transmissions transmit (hats, take) the force of a motor shaft te another 
shaft. They can also change the speed and force of the rotation. They 
ane used in cars as well as mary bikes and other machines. Motors are 
‘generally bul to run at à small range of speeds and don’t work well at 
other speeds, A transmission takes a given input speed from the “driver” 
shaft ard puts out a range of speed: to the “driven” shaft 

‘The tubber-band drive is a transmission. The shaft of the motor is the 
driver and the borie or can is the drven shaft, f you drivea large botte 
with a rubber band around the tiny mato’ shaft, that bottle will have 
a much ower anguiar speed than the motor does—that i, will turn 
fewer times each second than the motor’s shaft does. The linear speed 
along the edge of the bottle is, on the other hand, the same as the linear 
speed along the edge of the motor shaft, That's becouse the rubber band 
except for minor sippage) moves around the outer edges of both of 
these spinning cylinders 

You can understand the basic physics of rotational motion by thinking 
‘ofa carousel. If you ride the horse near the outside of the carousel, you'll 
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‘travel a longer distance than if you ide a herse closer to the center. Snce 
both horses go around together, the outside horse mast be gomg fastes 
(could make the same comparison to tne inner and outer edges of a 
tecerd player, but you've probably rever seen a reccrd player, and a black 
box usually conceals a CD reading mechanism. Beware of bleck boxesas 
the jalks at Make magazine say, if you can't open it, you don't own it) 

‘The linear speed at the wast of the bottle is importat, because ifthe 
‘ote isthe wheel of a vehicle siting onthe ground, that will be the înear 
spaed of the vehicle across the ground. To change the speed of a vehicle 
without changing the speed ef the motor, you have touse two wheels or 
Pulleys on the same shaft, You can do tat onthe Transmission Car (page 
57) by changing the position of tte Roach and punting the rubber bard 
around the neck of the botle. The reck is one pulley and the waist ofthe 
botte is the ether. The car wil go much faster if you do this. 

However, yeu don't get something for nothing. The faster the 
Wansmission makes the car go, the less force it can give. ATransmision 
“Cat with the motor driving the neck of the bottle wil not be able to 
accderate as ast, orclimb assteep ahil), as à car wits, the motor driving 
the waist of the bottle. 

‘This same arrangement is commonly used in bigger machines with gear 
and belt systems, including those ova car cr bicycle. On a geared bike, 
the pedal is the driver and the back wheel is fhe driven. Hore ate the rales 
according to the laws of mechanics: 











With a given size driver gear: 
© The smaller the drven gear, the faster the riven shaft will spin. 


© The larger the driven year, the more force will be given to the driven 
shaft 


With a given size driven gear, the opposite is true: 
© The smaller the drive gear, the more force will be given te the driven shaft. 
© The larger the drive gear, the faster the driven shaft will spin. 


But don't teke my word forit—check it out for yourself next timeyou $ 
vide a io-speed. 
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Clothespin Switches 


{As mentioned before, the paper clip clipped to the brass fastener on the standard 
battery pack makes a fine switch, But sometimes you may want a better switch. 
You can buy these switches commercially for a few bucks each ifyou want to 
squander your money on such fleeting pleasures, but I'm against it, Instead, 
dothespins can be used to make the three types of reliable switches: 





1. Standard switch: Sometimes called a Single Pole, Single Throw, or SPST, t is 
either on or off and stays where you pat it 


2. Momentary Switch, Normally Closed: This switch is spring-loaded to the “on” 
position, with the current running in the circuit, When you push on this 
‘witch, you open the circuit and the motor stops turning. 


3. Momentary Switch, Normally Open: This switch is spring-loaded to the “of” 
position, with no current fowing through the circuit. When you push on this 
‘switch, you complete the circuit and the motor starts turning 











PARTS 






© 2 clothespins ‘© Connection wires 
© Hot glue gun © Paper clip 
Í @ Aluminum foil 
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You'll first loarn to build the third 
switch, which is used on the Bubble 
Maker (page 136). Take the two wires 
that willgo to the switch and strip the 
insulation from both ends, a bitlonger 
than usual, maybe 2inches. Fold one 
bare wire into a piece of aluminum 

foil. The unfolded foil should start out 
around 3 inches square, then end up 
about 2 inches long by 1 inch wide. Fold the foil in such a way that the wire bends 
over itself insideand doesn't easily slide out. 





Wrap that tab of foil carefully around 
‘one handle ofa clothespin 


Wrap the other endof the wire around 
the other handle of the clothespin 
directly above the foil. 
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‘You may want t hot glue ene or both 

‘of these wires in place on the clothespin 

handles, but be careful not to getany glue 
they have 





betsseen the two surfaces whe 
to make contact, 

When the clothespin handlesare 
squeezed together, the single wire 
contacts te foil tab and the circuit 
is completed. It is momentary, so when you let go the circuit goes off. This is 
convenient because you'll never leave it on by accident and drain your battery. 





Now here’ how to build thesecond 
switch, which has few applications in this 
particular book. Wire it just like switch 
three, butat the otherend of the dothespin 
(its jews). This switch connection is 
normally closed, meaning the motor will 
spin, sapping energy from the battery, 
‘until you squeeze the clothespin handles 
and break the connection tostop it. You 
can see why it isnot as useful. 


Finally, theres switch number one, which 
will explain why I bothered to show you 
the second one. If you put a small tab ef 
paper or cardboard or craftstick between 
the jaws ofthe dothespin in switch two, 
will be open, and the motor 

will be off. Take the tb out and the motor 
spins. (You can think ofa clever place to put the tab when the projects running 3o 
that you can find it again when you want to stick it in to turn everything off) Thisis 
like a normal light switch that stays off or on when you flick it, A nice feature ofthis 
switch is that the pring of the clothespin is pressing hard on the connection, so you 
know it will be good and tight 

‘Keep in mind that while these switches can be handy and make your 
easier to use, when you put a switch into a circuit you're introducing at leastthree 
more connections that can potentially cause problems. Sometimes the old paper clip 
isgoodenough. 
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Hot Glue and Electrical Connections: 


Dysfunctional Partners 


Many a project with great potential has faled miserably when hot glue wa 
used to make an electrical conection, Hot glue is plastic and therefore an 
insulator. f you glue a wire onto the end ofa battery, for example, the glue 
wil likely coat the wire and completely insalate it from the battery so that 
‘no current wil flow If you get even a tiny blob or string of hot glue across 
‘the area you wish to conect, it will introduce the demons of irregular, 
= unpredictable, bad connection to your circuit, 





Two-Tack Paper Clip Switches 


o | 





“This sort of switch is a classic in low 
voltage tinkering applications. Two 
tacks are stuck into a piece of wood, 
close together cach with a wire 
wrapped around under the head. One 
Bets a paper clip also under the head. 
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The tacks are then hammered down, 
snugly, ensuring a good connection 
between tack and paper clip, but 
still allowing the paper clip to turn. 
When the clip makes contact with 
the other tack, the circuit is on. 
When it doesn't, the circuit is of. 


If your paper clip or tacks are 
painted, you may have to sand the 
paint off to reach the conductive 
metal. This switch is nice if you. 
already have a chunk of wood in 
your project. Alternatively; this can 
be done with brass fasteners through 
a piece of cardboard. 


Finally, this design can be modified 
to bea Momentary Switch, Normally 
‘Open if you bend the paperclip up a 
bit sothatit only touches the second 
tack when you press it down, 
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DPDT Switches 


TI describe one more type of s 





itch bere, the most cemples ofall, and a bit ora 
trick to build. The purpose of this switch is to reverse the direction of the motor. 
Youalready know that you can do this by changing the circuit’ polarity, that is, 

by switching the wires on opposite sides of 
‘the battery. This is exactly what happens 
Inside a Double Pole Double Throw 
(DEDT) switch. You'll want a DPDT 
‘Switch if you need to easily reverse a car 
or boat or spinning machine you've made. 
It’s nice to have, and people are impressed 
‘when you flicka switch and the whole 
thing reverses. 

“Double Pol” means you're controlling 
two different places in the cireuit—in this 
‘ase, the two poles ofthe battery "Double Throw” means that you can connect 
those two poles in two different places, Here is the schematic for a DPDT switch 
connecting a motor and battery: 
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"The two bars connected by the dashed line either move up and make contact with 
points one and three, or move down to make cowvact with points two and four. 
When they're in the center, everything is off. When they are up, connected toone 
and three the positive (+) pole of the battery is connected tothe top of the motor 
and the negative (-) tothe bottom. When they are down, the opposite connection is 
made, Trace the circuit with your finger to convince yourself that this is true. Then 
you can test yourselfby trying to draw one without looking at the schematic. (By 
the way, self tesis are much more useful than any test that a teacher may give pou.) 





Here is how to make a slick version ofa DPDT Switch using two clthespins 
wired inthe second arrangement with an additional bar above the jaws. Itis 
shown here connected toa test motor with a piece oftape on the shaft to shew 





‘To make this switch, start with a I-by- 
inch stick of wood and make a frame 
at one end, as shown here. The upper 
bar isa length of craft stick, and the 
two uprights on either side are halves 
of one side ofa clothespin. Hot glue 
‘themall on. The frame should stand 
about % inches tll, or just higher than 
the clothespin jaws. 


Wrap the top bar with aluminum 
{oil already connected to a wire, and 
glue the two clothespins into position, 
outfitting them with stripped wires 
around their upper jaws. Make sure 
‘these wires are tight and not going to 
slip of, You can hot glue them into 
place but only on the side of the jaw, 
since they have to make contact above 
and below. 








‘The lower foil piece is then bent as shown, and then glued carefully across the 
bottom jaws of the clothesplns, 








The wire from the lower foil bar will 
connect to one side of the battery 
pack and the wize from the upper 
bar will connect 10 the otherside. 
This vil lesve the tovo wires coming 
from the clothespins js to connect 
tothetwo wires of a motor. In the 
K off position, both clothespin jaws are 
down and the circuit isopen 











When one of the clothespins opens, it disconnects from the foil bar below the 
jaw and connects to the foil bar above the jaw. This completes a circuit through 

xe motor. The schematic shows the bottom of the motor now connected to the 
positive side of the battery 
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Let go of that clothespin and open the other to complete the circuit the other 
way. sending the current through the motor in the other direction. The schematic 
shows the top ofthe motor now connected to the positive side of the battery. 

















“This model has the advantage of being momentary. You'll never accidentally 
waste your battery this way. 

Most DPDT Switches can be wired with the battery's poles connected to either 
set oftwo wires. In this switch, itis critical to have the battery connected to the 
top and bottom bars, and not to the two clothespin jaws. Check it out. In default 
position, the two upper jaws are connected together because they're pressed against 
the bottom bar. For the motor, itdoesn't matter that the two leads are connected 
together. I on the other hand, you connect the battery's lead to the two clothespin 
jaws, the default postion would have your 
battery short crcuited and soon dead. (L 
ld this the fest time I por it together, but 
T noticed the batteries getting hot before 
they had completely spent themselves) 

The photo here showsa Double DPDT 
Switch, which can be used to control 
two motors, such asin the advanced 
Transmission Car and others. Of the 
four wires coming off each of the DPDT 
Switches, two go straight to the battery 
packs. Two separate packsare uved so that cach motor is independent of the 
‘other—that is, one cat suck up all the juice. You can mount the battery packs 
between the switches so the kinetic contraption doesnt have to carry them. The 
‘other two wires from each DPDT Switch head down to power the motor on the 
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mechanism below. You can see they are taped onto the switch handle. This is called 
‘strain relef—you can tug on the wires, butt doesn't mess up the connections, 

Once again, you can bay a DPDT switch fora 
few bucks or extractone from a dead device, and 
thistime it may be worth it. Making one is fairly 
complex, and i's dificult to make them dependable 
Youll recognize this switch if you run across it 
because it has six terminals (places to hook wires to 
it). Wire it Tike this 

‘Many commercial DPDT switches have an 
off position between the two other connections, 
This is nico, and if yours doesnt have this you'll 
need another switch of some sort, or you can just 
disconnect the battery, 

Twas inspired for this switch by an ultra-cheap 
wired remote control car I bought—two for $1!— 
thathad a similar arrangement 
































isai 


Toaster Wire Rheostat 


You may have seen a dimmer knob on a light. ora speed dial on a fan. The 
electrical component underneath is called a rheostat, potentiometer, or variable 
Fesistor. Resistance, measured in units called ohms, is a property of each part of 
a circuit. Resistance helps determine how much current will flowin the circuit 
When a given voltage is applied. More resistance will result in less current and less 
resistance allows more current, When using small motors you'll normally want as 
much current as you can get, so there is no reason to put any more resistance into 
the circu 

In some cases, however, you may want to slaw your motor down. You can 
put down several dollars of your hard-earned money and purchase a low- ohm 
sheostat (25 ohms usually works, though 10 ohms would be better) that will do 
the job. Or you can do the same job by finding a piece of resistance wire. This 
kindof wire is different from the copper wire you will use for the rest of the 
circuits here. Copper wire has a very small amount of resistance, small enough 
that you can assume it has no resistance at all in the circuits described here, 
Resistance wire of the type we use has about one ohm per inch, Six inches ofit is 
‘enough to control a small motor in most applications. 
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Tjust so happens that 
this sort of wire is used in 
toasters, Ifyou peer intoa 
‘common toaster when its 
on, youll seethe red hot 
coils of wiee that are cresting 
heat. Those are the ones you 
the toaster 





want. Unph 
and rip them out. Wait, wait 
INO! Not the toaster in your 
kitchen —find a used or broken toaster at a yard sale or a second-hand store and 
tip the resistance wire out of that one. Toasters are quite safe when they're cool 


ard unplugged, 











‘Connect the resistance wire onto the end of another wire in the circuit, Then, to 
control the motor speed, simply press the resistance wire in different places onto- 
the battery. When connected all the way a the end (the longest distance), the 
motor goes ts slowest. When connected in the middle of the resistance wire, the 
motor will go faster. 
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You can connect one wire to the 





apaper clip or 
alligator clip. This way you don't 
have to hold it 


Ifyou connect to the battery atthe 
junction of the resistance wire and 


‘copper wire, no electricity will have to 
travel through the resistance wire, so 
the motor will be going full speed. 








© Glue gun 


© Tape 

' Side Mount Poach, 1 or2 AA batteries 

‘© % paint paddle 

© Drinking straw the fater the biter 

© Bamboo skewer 

© 3 wheels (film canister lids, checkers poker chips, ete) 
© Medium binder clip 





Start with a Side Mount Roach (pag: 

I 22), Poke a hole in one wheel and stick it 
an the motor shaft, Glue it on the ovet 
‘ide ifit 5 at all bose. 





Make the back wheels by gluingor 
taping a straw toa halfa paint paddle 
Make sure the straw sticks out beyond 
the paddle so it will prevent the whee's 
‘rom rubbing on the sticks. This 

will make the car roll smoothly with 
less friction, Slide a bamboo skewer 





tie contraptions 
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‘through the straw and poke it through the other two wheels. Ifyou have to glue 


the wheels to make them stay, glue only the outside so the glue doesr't foul up the 
straw bearing. 


Clip the back wheels to the Roach. 
Connect it up and be prepared to 
chase 


You can getsome steerage by 
pivoting the Roach. There are 
problems with this, however, 
explained in the science section, 





‘Try changing the size of the drive wheel. Ifyou puta smaller wheel on the font, 


it should have a bit mere torque, that is force, but a larger wheel will make it go 
faster when it does get going. 


You can modify this design 
however you like. You 

can make the body from 
cardboard or thin wood, too. 
Just leave a place in front for 
the wheel to touch, and keep 
the whole thing light. Here 
is a photo ofa Stretch Limo 
someone made. 
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The Science Behind It 





You may notice that while this cars got speed, it lacks power. In fact, 
to quote my grandpa referring to an old tractor he had, it couldn't 

pull itself off the toilet. This car has no transmission, Is direct dive 
arrangement makes it ene of the simplest vehicles you can build, but 
most habby motor are not made te provide high foren, or torque, at 
low speeds. Onceit gets going, it gets mere power and can go quite 
fast. tis like a car with only one gear, and that gear is fourth, (See the 
Transmission Physics box on page 28 for more information.) 

If you have a stick stift car, and your parents are game, have them 
try tostart the car moving in fourth gear. It may not even work: the 
engine may die. At the very least, tte engine won't be pleased with this 
litle experiment. Normally you start in first, then progress to second, 
third, fourth, and then maybe fifth or overdrive. Automatic transmissions 
do alithat for you. You can se the automatic transmission to two or one 
to restrict it from going higher, but it always starts in rst. If you have a 
ten- (or more) speed bike, you can put the chain on the largest gear in 
front and the smallest gear in back and try to peel out You'l probably 
find it impossible. Some bike messengers I know leave their bikes in the 
highest gaar if they haven't locked trem up. Potential thieves will hop 
on, give it al they've got, but get nowhere. 

If your Three-wheeler doesn't tum sharply. Itis likely because the 
back wheels are fixed to each other and therefore always turn at the 
same rate. If a caris tuming a comer, the wheel on the outside of the 





























turn has to go farther, and thus faster, thani the one on the inside. Real 
cars (and ATVs, trucks, tractors, etc) havea differential that allows the 
wheels to turn at different speeds. You could design one for this car too. 
if youput your mind to't, 
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Jam the motor shaft in from the 
outside, and squirt a mound of 
hot glue onto it from the inside. 








Start this projectby gluing the 

battery pack directly to the side of the 
motor, perpendicular io the motor shat. 
Wire up the motor with two paper clips 
at the ends of the connection wires, 


Drill nail hole into the 
center of the lid. 





That will take a while to cool, 
but when it does, twist it back 
onto the bottle. Glue o tape 
weights onto the bottom ofthe 
bottle so that it doesnt tip over 
with the weight of the moter 
and battery. 





Hook up the One-Wheeler and let go. It should start rolling, maybe with a 
little push. It needs an utterly flat surfoce—this is no power monster, It does tend 
to go straight, with the right bottle. Find a long hall or gymnasium and it will go 
its full length, You can put the cap on other bottles of different sizes and shapes 
and transfer the weights to see what happens. You can also pat it in the water— 
experiment! 


‘mn mm, 


The Science Behind It 


This project and the one that follows run on strange principles not often 
seen in everyday life. The closest you'll come to tis method of transport is 
balancing on a arge spool or ball, and then walking forward and having 
the spool or ball go backward. (The fist several dozen tines you generally 
‘end up on your butt on the ground.) Another example is a hamster ball or 
à hamstertreadmill. Te point is, when you have orly one wheel, you can 
sill use the pull of gravity to get force, or torque, to stort motion. 

When the motor begins to tur, the motor and battery receive torque 
in one direction. and the bottle in the other, the motor tums ever so 
slightly and the battery swings up a bit. Gravity pulls down or the 
battery, and it tends 1o swing back to the bottom. The bottle, on the 
other hand, is symmetric, so as itll, gravity doesn't tend to pull any 
partof it always to the bottom. So it wil roll forward, and the battery 
Will return to the bottom. As long as the battery hos energy, the torque 
continues, and so does the motion, 
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Cut another section of paint paddle 
the same length asthe Roach. Cut 
asection of drinking straw about 

half an inch longer and tape iton. 
Ti should stick out over both ends. 
Take care not to smash the straw 
too tightly under the tape 








On theother side, use hot glue to 
attach 1wo small binder clips as 

shown, You should be able to still 
squeeze the handles to open them, 


Side two craft sticks into the binder 
clips. Glue the other ends to the 
Roach. This i the Two: Wheeler's 
chassis, or body: 








‘Male the wheels by cutting a cork 
in half and carefully gluing one half 
exactly to the center of both CDs. 


Foke holes into the center ofeach 
‘ork segment. Jam one end ofthe 
skewer into each one, Before you pat 
the second wheel on, slide the chassis 
and the rubber band onto the skewer, 
Push the chassis all the way to the 
wheel on the motor side and loop the 
rubberband down over the motor 
shaft. The straw, not the paint paddle 
section, should rub against the cork 
{for minimum friction resistance. 





Slide the craft sticks up or down until 
the rubber band istight but the chassis 
is not dragging the ground. Hold the 
‘ar up by the chassis, connect the 
motor, and see if the wheels turn, Here 
you will know if you got the right 
sized rubber band. If it i too loose, the 
motor shaft will spin without turning 
the cork. Too tight, and the motor 
shaft will not turn, 

You may have to go find another 
rubber band, bigger or smaller, but here are two modifications to try. First, if itis 
too tight, stretch it as far as you dare without breaking it Often it will loosen up 
quite abit. Or, ifthe rubber band is toolarge, you can actually cut itand carefully 
‘elie to make it smaller. Sometimes the knet will get in the way and stop 
everything from moving, but sometimes it will work, 

1t is also importantto get the motor shaft parallel with the skewer. Do this by 
adjusting just the binder clips oneat a time, tilting the Roach until you get the 
right angle. When the two are parallel, the rubber band will not ride up on the 
glue sick segment or on the motor casing and will not fll off the cork. 

four rubber band keeps slipping off the cork, and ifyou already tried 
adjusting the angle of the Roach, you can shorten the length of the skewer until 
the chassis has only a fraction ofan inch to slide back and forth between the 
corks, 
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Ifyou put two motors on this lite 
beauty and let each wheel turn 
freely, you can makea hot little 
controllable car. What follows 

is one way to make each wheel 
turn independently of the other, 
This is called a differential. The 
bamboo skewer is chopped in the 
middle, and the segments are set 
out from the paint paddle abit. 

A segment of glue stick is tuck 
on the ends toward the center to 
keep them from falling out Two 
short sections of straws create 

the bearing. (Itis also possible to 
glue a bamboo skewer to the paint 
paddle chassis and drill large holes 
in the corks at each CD to allow 
them to turn around the skewer) 





Long wiresexterd up from each 
‘motor. These will hook to the 
switch. 





You could run fox 
Switch (pages 36-40) and have full control ofeach motor. forward and reverse. 
The following switches are alot easier to build and give you control of each motor 
either going forward or stopping. [This car turns so sharply that you can get by 
without a reverse) 


wires—two from each motor—to the double DPDT 





Land Machines 





‘The switches are mounted on 
the top of a CD case and 
battery pack onthe bottom, The 
switches are two clothespins 
wired with the Momentary 
Switch, Normally Open 
arrangement (pages 31-32). 

‘The stripped wire twisted 
around the top handle of each 
clothespin goes to onelead 
‘on each motor. The foil strip 
‘across the bottom handles af 
the cothespins connects to one 
Pole ofthe battery pack, The 
‘other pole of the battery pack is 
connected to both other leads of 
the motors Thus there are only 
three wires leading from the 
switches to the motors 





Here is the schematic, Fallow 


the current with your fir —~ 
as you dose each switch, ° ie 
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“The remote control Two-Wheder isa blast to 
use The longer the wires, the farther youcan 
g0 without moving, Of course, it doesn't touch 
theexperience of a normal remote control car, 
but, hey you built it, and for nothing but a bit of 
pocket change and a pile of scrap materials, 





The Science Behind It 


The sizes of the cork and the wheels determine the speed in this kinetic 
contraption, as you'll see more clealy inthe next project. If you swap. 
the corks for a larger circle, such as a medicine bottle, your car will 

be stronger but slower. Sometimes you can get the car to move when 
the rubber band is looped directly over the bamboo skewer. Since the 
skewer is about the same size asthe motor shaft, this arrangement will 
have the wheels spinning at the same rate as the motor shel quite fast. 
Bat you'll pay for this speed with a near complete loss of torg 
wil be weak as a ly. 

Large cars and bikes have been built with this design. They are not 
practical for various reasons. Turing can only be done by braking wih 
ore wheel and continuing with the ether. Stopping is problematic. Try to 
imagine what would happen if you slammed on the brakes on this beast, 
W's complicated, but basically there would be a lot of swinging end 
rocking back and forth, perhaps even looping around the axle. You cen, 
actually see this if you hook up a remote control. if you get your Two- 
Wheeler stuck in a rut, and if you can provide enough torque, the chassis 
wil spin around and around the axle without the wheels moving at all. 
Despite all these problems, if you do build yourself a large versien of tnis 
ar, youl be the talk of the town! i 


nd 













































Transmission 
Car 








PARTS (Basic Car) 

© Glue gon 

® Drill 

| End Mount Roach, 1 C battery 
Binder lip 

@ 2paintpaddes 

© Drinking straw 

“© Water bottle with cap 

$ Rubberband, long enough to fit loosely around the bottle 
© 2 bamboo skewers 

© 2 wheeh (film canister lids, checkers, poker chips e 





Start with the Roach, both wires with 
Paper clips, and ahot glue nubbin on 
the end of the motor shaft Two 
will make it fastes, but it really only 
needs one. 








teres 


ily 


Drill holes about the same size as the 
skewer in the center of the lid and 

butt of the bottle. A large nail works 

wall for a drill bit. I's OK ifthe holes 

area bit bigger than the skewer, but p 
it works best iit 











nug in the holes 
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‘Thread a skewer through the holes, 
Drill similar hoes inthe two single 
wheels and thread the other skewer 
through them. Put the rubber band 
around the bottle, 


Cutone ofthe paint paddles in 
halfand lay the pieces out in the 
arrangement shown, Set the two 
skewer axles into postion and 
make sure they can reach both 
ends. When you've got all the 
lengths right, glue the paint paddles 
together. Snip off the end of the 
full-length paint paddle, This will 

‘be the chassis. Cat short segments 

of the drinking stray and glue them ino postion with the skewers ends inside. 

‘The skewer should turn inside these straw segments. Ideally the straws should 

extend over the edge of the paddles so that if the wheels or the bottle shift to one 
side or another, they touch the straw first instead of the paint paddle. This reduces 
friction, Make sare everything spins smoothly. 





‘The straws holding the axles should 
‘be on the bottom of the chassis. 
Clip the Roach into place on top. 
Snap the rubberband around the 
motor shaft, and adjust the Roach 
until the motor shaft is parallel 
with the axis of the battle, Hook it 
up and seeifit'sturning, 





Land Machines È 





‘TROUBLESHOOTING 
nothing turns, your problem could be: 

© Bottle isstuck—give it a spin to see that i turns fredly 
© Rubber band is too tight—stretch itor get a larger one 


© Rubber band is dragging on the paint paddle-adjut the Roach so that its not 


Ithe motor turns but the bottle doesrit, your problem could be: 
2 Bottle is stuck 


{© Rubber band is too loose—adjust the Roach, reposition and glue the straw 
segments farther from the long paint paddle, or get a smaller rubber band 


Decorate the Transmission Car if 
you want, and send it rolling across 
the room, 





This car is called the Transmission 
Car because it has a second gear 

built in. Ifyou turn the bottle or 

the Roach end toend, the rubber 

band can go around the neck of the 

bottle. The circumference ofthe 

teck it around half the cireumfer 

ence of the bottle waist, so the rub- 

ber band needn't pull as far to geta 

{ull rotation of the bottle. The result isa faster car. Try it out! It is not as strong, 
you say? Check the Science section at the end for an explanation, 


inetic Contraptions 





Don't stop! Many more options 
remain with this basic setup. How 
about an amphibious vehicle—one 
that goes on land or water? Remove 
the two skinny wheels and pat 
another bottle in their place, Stick 
two or three duct tape tabs on the 
drive bortle, and voi 





Thats pretty nice, but to makeit 
more streamlined, you can get 
rid ofthat other bottle, and put 
two small ones along each side. 
This padile-wheeler works almost 
as well as the one in the Water 
Machine chapter ofthis book! 





Remote Control Option 









hihi a 
on the orientation of your ear 
chassis 

© 2 film cansor thread spools ® Cork 


INLAAUGOUUAOAUA Ue UU 











Land machines 


you put two motorson two drive 
wheels, the Transmission Car can 
be converted into a very responsive 
remote control car, or prote-robot 
if you like. The robot shown here 
is built on « thin wood chassis 
that was cut out with a scroll saw, 
but you can build onto the same 
paint paddle chassis without much 
trouble. 


Make two short Roaches without 
batteries, Add small upright half 
skewers, mounted on half-corks, 
to keep the wires away from the 
turning wheels. 





Drill holes, larger than the bamboo 
skewer axle, into the lids and 
bottoms oftwo fiim cans. Put these 
wheels on in place of the other 

‘wo wheels. They will spin on the 
bamboo skewer axle, so you can 
glue it straight to the chassis now 
without straw segments These will 
be the drive wheels, so put a rubber 
band around each. Put one of the 
ld rear wheels on the front bamboo 
skewer in place of the bottle. Clip the Roaches onto the central paint paddle and 
Tine them upo that they will drive the rubber bands around each ofthe film 
canister wheds 








Hook up the double DPDT switch unit and cruise the neighborhood, 


“The car should go forward 
when both motors are 
going forward, reverse 
when they arebothin 
reverse, turn gently when 
only one motor is going, 
and turn sharply when one 
‘motor is going forward and 
‘ones in reverse, 

Ifyou have a coping saw, or  scall or jig saw, you can make the chassis any 
shape that you want as long as you leave a place for the wheels and places to clip 
the Roaches. Here you can see a bicycle spoke glued across the back in place of 

5 bamboo skewer. The film cans spin easily on the spoke and stay in place with 
cardboard tabs (glued only on the outside). The front wheel ìs a film canister lid 
with a toothpick through i. It is mounted in the center hole with a segment of 
straw on either side glued under the chassis. It spins easily too. 








Land Machines 





Clip the Roachesinto 
position. You can see that 
this car uses Side Mount 
Roaches. This gives a bit more 
adjustability for getting the 
tension ofthe rubber band 
correct. 





Now hook up the switches and see if everything is working, When itis running 
“smoothly, add your body and decorations: robot, monster truck, Lamborghini, or 
whatever you want to remotely pilot around your house, We used a cup to hold up 
the robot body. 







































The Science Behind It 


The transmission here and in the Two-Wheeler will be used in other 
Projects in this book as well. as laid out in thesection on Mounting the 
Motor. transmissions can change the spend and force of rotation from 
the motor shaft. On this car itis critical that the force at the wheels be 
stronger than a direct drive arrangement, such as on the Three: Wheder, 
Having the driven shaft (bottle or fim can) much larger than the driver 
shaft (motor shaft) makes this happen. 

You may ask, "How do I ake itstrong and fast?" The answer is, 

forget, buddy. If you wart that, start shelling out some money for a 
better motorand a fancy batery, er go straight to internal combustion 
motors. adjusting the transmision will aways have its cost: mere speed 

less torque, more torque = less speed. This is one of the many laws In 
physics that come under the heading, "Life Is kard. 

You may also think to ask, “What if I made the diven shaft small 
and the moter shaft larger?” You could do this easily by putting a cork 
directly on the motor shaft, or even a segment of glue stick, and then 
patting the rubber band around thie largor shaft. Vou ca try this, but 
itis notlikely to work for the following reason: increasing the sze of 
the driver shaft will make the motor even weaker. In theory, it wil also 
result in a faster driven shaft, but in reality, that only happens if there 
Isany force to tum it. If not, you 
get nothing, and a soon-deac 
battery The motor turns rapidly 
already, so ifyou want a shaft to 
turn even mere rapidly, you'd best 
get another motor made for that 
specialty. 
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Airboat 





© End Mount Reach, with 2 AA batteries and 

a medium to large propeller 
$ 2 cups or another mechanism 1o elevate the Roach 
{© Boat hull (wood or Styrofoam) | 
© v paint paddle 
© Medium binder clip 


Start with an End Mounted Roach 
(page 22) and a propeller 3 or 4 inches 
in diameter, Make sure it's blowing 
well, though the direction it blows 
doesnt matter mach. 


Makea boat base out ofa chunk of 
wood. Drop it in water to make sure 
it floats—a lot of wood these days is 
made of sawdustor thin layers of wood 
ued together. Inot only doesn’ float 
well, but it also comesapartifit sts 
too long in water. You can also use 
Styrofoam for your hull. Put the other 
paint paddle up on something, such as 
two cups, so that the propeller can turn 
without hitting the water or the hull of 
the boat, 
















p on the Roach and propeller 
and you're ready for action. You 
can make the propeller pull oc push 
the boat through the water: Check 
‘out which orientation gives you a 
more stable, straight ride. You dont 
need much water for this—T've seen 
it go through shallow puddles, Try 
this also on snow or ice, or even on 
aset of low-frction wheel 











‘You can slapa Roach onalmest 
anything that floats to make an 
airboat. My students have done that 
‘on many occasions. Heck, you don't 
‘even need the Roach, and youcan 
add as many motors as you want. 
Ifyou have a toy airplane, borrow 
the propeller and se if it works any 
better than our homemade ones. 












The Science Behind It 


Airboat are really useful in swamps. Generaly. it's mor efficient to push 
off water than air if you want to move a boat (se the next project). But 
when the water is shallow and ful of weeds. scum. and gators it's better 
to have a smooth base on your boat soas not to tangle the propeller or 
rider. 

Real arboats use propelers as 
large as arplane propellers, all 
wrapped in a protective cage to keep 
them from sucking in and chopping 
up debris, birds, small people, 
and other stuff. Some use airplane 
engines and can go quite fast. Ite 
a trick to steer or stop these things 
remember, there is nothing but a flat 
botiom skimming along the surface 
of water. steerage usually happens 
with vertical vanes directly behind 
the propel. On this model, you can 
actually turn the Roach to change the 
direction of force. 
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Motorboat 
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PARTS 

© Knife or scissors 

© Gluegun 

© Dall 

© Tape 

© End Mount Roach, 2 AA batteries, with small propeller on ad-inch 
section of hot glue 

Boat hull made of Styrofoam or wood 

© Corkor film canister 

‘© Rubber band 








Starı withthe End Mount Roach 
(page 22) with atiny propeller atthe 
end ofa glue stick shaft. 


Cut aboat hull out of piece of 
Styrofoam or anything else that 
floats, Glue the cork or film canister 
tothe top. 








Water Machines 





Fasten the Rosch with propeller 
onto the boat with a rubber band, 
You could glue it, but remember 
two things. First, water will soak 
into the wood and unstick the glue. 
Second, you will want to tinker 
With the position and angle ofthe 
propeller to maximize power and 
control direction. 





Turn it on, chuck it imo the bathtub, and watch it make a wake! 


POINTER: 

® “The propeller shouid be under the water, but ideally the motor will not be. fit 
gets wet, it may fall off the Roach, Black tape it or rubber band it hack on, 

® If the boat moves backward, you can either redefine the beck ofthe boat tobe 


the front or reverse the wires on the battery. You could bend the propeller the 
other way. toa. 





© Ifthe propeller fails wildly, take the glue stick segment off the motor shaft 
snip off the part you drilled the hole into, and try to drill it again straighter, 
This is a real trick, so it may take you a few timos to got it right. You can test 
it by turning the motor on before you put it in the water, bat it is even harder 
to get a segment this Jong to spin smoothly In the alr. In water, # spins slower 
and tends to be more stable. You could also try usinga piece of wooden dowel 
instead ofa glue stick. 











$ You should be able to control the direction by moving the back of the Roach 
from side to side under the rubber band. 


Once it's cruising in the tub find a bigger body of water! When finely tuned, 
this just may be the fastest machine in the book. You can make it tarn slightly 
and watch it do loops in a pool or pond. 
You could even rig up tiny water skiers, 
1f youre clever. 

Asyou can see here, the Air Boat 
can be rigged as a Motorboat, toa. 








Kinetic Contraptions 


If you're hungry for more speed, you 
can mount dual Roaches. Ifyou're 
clever, you can engineer them so 
that they tarn in opposite directions, 
thus canceling out any sideways 
forces that may result from the 
rotation ofa single propeller. 








The Science Behind It 


Isaac Newion’s third Law describes how boats (and everything ese) 
g0: for every action (water being thrown back) thereis an equal 

and opposite reaction (the boat going forward). When you pushon 
something in order to get going. you don't want that thing to move, 
Think about running in the sand—t's a pain, because every time 

your foot pushes off, the sand gives way a little and you waste a bit 

of energy. But when a car pushes back on a street surface, the street 
doesn't move much, as a rule. Water does move a bit, but not as much 
2s air. Thisis why most boats, including the largest ocean-going vesse's, 
have propellers under the water, pushing back on the water, 

You oniy need a tiry propeller to make this kinetic contraption cruise. 
Check out some propellers, or pictures of them. on airplanes and boats. 
A motorbost with a propeller less than one foot in radius can be strong 
enough to pull a couple of water skiers. On the other hand, the propeller 
on a tiny arplane, even an ultralight, wil be a good 2 feet long. The 
shapes are different as wel, 

This is all due to the different properties of gases (suchas ait) and. 
liquids (such as wate). Air moves easily when you push onit, and it is 
1000 times less dense. That sto say, a given volume of it is i oootimes 
lighter than the same volume of wate. The bottom line is that you have 
to throw a lot more air back than water to get the same forward force on 
a vessel 
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Paddlewheeler 


PARTS 


Knife 
Tape 
Glue gun 
Side Mount Roach, with 1 or 2 C or AA batteries 
2 paint paddles 

Bottles, single-sized, 2 with caps 

Rubber bands 

cinch pieces of PVC, 1inches long 

cinch dowel, 12 inches long 

Thread spool or film canister 

Medium binder clip 

2 plastie knives 


‘Start with the Side Mount Rosch (page 
22) Tt isbest to keep it short, You may 
‘want to tape the motor en in addition to 
gluing it, since it will come loose ifthe 
ghue gets wet. 
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Build the frame by assembling four 
half-paint paddies as shown. Chop 
two 14-inch lengths of PVC and glue 
to the tips of the parallel paddles. 


Strap on two single-sized drink 
bottles using rubber bands. They can 
point either direction—your choice— 
because the paddlewheels can paddle 
in ether direction. The bottles will 
slip through the water better ifthe 
skinny neck end goes rst 


‘Thread the dowel through the PVC 
segments with a spool or film canister 
In the center. Tape or glue the spool 
into postion so that it doesn't spin 

‘on the dowel. Don't forget to loop the 
drive rubber band on there. Wrap 
rubber bands around and around the 
center ofthe knives, then thread the 
tips ofthe dowels through the rubber 
bands, If you're clever, get the wraps of rubber bands criss-crossed on the knives, 
which keeps them from slanting in one direction or another. 
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Now mount the Roach, Slide it back 
and forth, side to side, untilit 3s 
perfectly in line, wah the proper 
tension in the drive rubber band. 





Pick the Paddlewheeler up, connect the motor, and see if the paddles spin. If 
not, continue adjusting. I's, break a bottle of ginger ale on it to christen it the 
good ship Knife-Paddlerand drop itin the drink. Only then will you know ifthe 
balance is right. If the batteries are too far forward, you may need to reposition 
the bottles tokeep the support under the weight You may need to reposition the 
paddles if they are hitting the bottles, too. In fact, you can count on a good bit of 
repositioning before yout ready to conquer the high seas with this little boat. But 
‘once it is finally tuned up, it clips right along. 

You can also make the body and hull from wood or Styrofoam or something 
‘ce that floats. Just leave space for the paddles and the transmission system, The 
photo here shows a design that used a thin piece of wood on top ofa thin piece of 

Styrofoam, Since it's lower than 
the original design, the paddles 
plunge deeper into the water 
ach time, Its unclear if this 
isagood thing—though they 
push on more vater, it requires 
more force to lift them outon 
cach rotation. 
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The Science Behind It 


You may have seen photos ofthe grand paddlewheelers plying the 
Missisippi The frst steam-powered boa's in the late 7006 all used 
paddlewheels, even to cruise across the Atlantic Ocean. Propellers were 
tried and sometimes used together with paddlewheebs, but they did not 
effectively replace the paddlewhee! until a hundred year lster. Itis useful 
to compare the two systems of propulsion. Both give forward force to a 
boat by pushing water backward, but that’s where the similarity ends. 
‘spinning propeller is more effcient than a paddlewheel because 
1t never comes splashing out of the water i's also much smaller and 
simpler, allowing for less los from friction when moving through the 
water However, the complex curvature require of an efficient propeller 
is difficult to design and fabvicate.paddlewhee's, on the other hand, are 
essentially a series of sturdy, flat plates that are easily made, As you can 
see from comparing this project to the Motorboat, a complex mechanism 
is required to transfer the power from the motor to the paddlewheel. A 
propeller, in contrast, can he stuck right on to the end of the motor shaft. 


Pare 
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tube slightly smaller than the two- 





Start by building a tube. A large piece 
of sti dear plastic is easy to roll into 
a tube and tape securely. This is hard 
to dnd, though, and expensiveto buy 
when you do find it Instead, you can 
use four or five two-liter bottles. First, 
cutoff the bottom and top ofeach, 

leaving the central, tubular part. Cut 
a slit up one side ofeach. Then find « 
cylindrical salt box or another can or 








ter bottle and tape one of the slit tubes back 


into a tube wrapped around the cylinder. Be sure to use transparent tape, 


Put the next one on, overlapped by 
about an inch, and tape them together. 








Air Machines 





Glue tongue depressors or craft 
slicks upright to three sides ofthe 
baseboard, as shown. Put in two 
nails ear the center so that when 
the motor isattached ta them, its 
centered inside the tube. 


Rubber band or tape the motor tothe 
mails. Make sure the motor is raised a 
bitand that the base end ofthe m 
shaft isnot touching the baseboard, 

or it will introduce friction and make 
the motor run slower. Put a fan onto 





the metor shaft. The one shown here is 
made from an old restaarant mena, but 
you can use bottle plastic or stiff paper. 





Hookup the motor toa couple of 
batteries, Rubber band or tape the tube 
into position. 
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Connect the motor, ge! the direction 
right, and make sure there isa blast 
of air coming out of the top of the 
tube 

‘Once running, youare ready to 
start ossing things into the tube. 
Shown here are some things you 
‘an put into your Windtube. Bits of 
paper. plastic from bags, and corn- 
based packing peanutsare nice 
because they are easily modifed with 
a twist or squeeze of your fingers. 


You can drop them through the top 
of the tube, or shove them in from 
the bottom just above the fan. 


Air machines È 


meo 
is to modify the shape, size, or weight of ‘il 





You can also craft a miniature parachutist and adjust the weight until she floats. 
If you cant get even a small bit of paper to foat, adjust your propeller and add 
more batteries 
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Pin Science Behind It 


Obviously, the motor itselfis not flying in this project, but it is making 
other thirgs fly. To float in one place, an object's weight must not be 
‘tester than the force upward due to the wind. At the same time, ifthe 
weight is not enough the object will go flying outthe tap of the tube. This 
îs asimplihed version of the give-and-take problem that all aeronautical 
engineers must surmount when building a fying machine. I stabie 
horzontal flight, upward force Cift) and downward force (weight) must 
balance perfectly. If one is greater, the aircraft wil soon be accelerating 
either up or down. This is Isaac Newton's Second law, often expressed as 
the Sum of All forces Mass x Acceleration, 

orit emxa. 

The PI msttute at the exploratorium has 
developed many great activities around. 
large windtubes: www.exploraterium 
cedu/piefibrarswindtubes/index hia 
At the Watsonville Science Workshop, we 
Yealized that yeu ean use anormal box fan 
and regular window screen instead ofthe 
hard-to-find fleibe, transparent sheeting. 
Larger windtubes give more possibilities 
for exploration. but small ones are cute and 
‘more mobile. Take yours along to be the life 
of any party! 











Start with the End Mount Roach (page # 
22), One battery may be enough, but 

wo generates wicked speed. Sticka 
good-sized propeller on the shaft, 





Make a plane, or any other thing 
that you'd like to see flying around 
in circles, out of halfa paint paddle. 
Leave the bottom urfase flat for 
clipping on the Roach. Glue a cork 
or halfa cork in the center ontop. 








Glue a tack to the bottom ofthe 
ther small binder clip. Clip t 
onto the dovel near bottle cap. 





one end ofa -inch dowel 
to the top of the cork, and the 
other endto the top of the smaller 
bottle’ cap. 


Reinforce the glue job on the cork 
with black tape if you think it 
looks shaky. Clip the Roach to the 
base of the plane. 





Air Machines È 





Put as much water as you want ( 
stability and the small one fer a 
counterweight, Move the binder 
clip back and forth until youcan 
balance the stick first on your 


finger then on the tack standing 
on the cap ofthe large bottle. 








Hook it up and letit rip 






Now youll find out if the moter is going i the direction you planned, If n 
reverse the wires, or proclaim youve invented the first airplane ever to have a 
reverse gear 

1f you change the amount of water in the smaller bottle, you'll bave to slide 
the binder clip with the tack in order tofind the balance again. T 
the length of the dowel extending out in each direction. This can drastically 











t will change 





change the speed—try it to find tbe speed you want. You can also ty propellers of 
ciferent lengths, This is a nice project 1o power with a solar panel if you have one. 
See the Getting Started section (page 5} 





arge, elegant version oj this 








ammo 
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The Science Behind It 


There are wo speeds physicets tak about when something is spinning: 
{or example, a stick on top ofa bottle. One is called the angular speed, 

or rotational speed. ths is sometines expressed in revolutions (imes 
around) per second. It can also be expressed as the inverse, or seconds 
per revolution. This is called the period. it is not hard to measure this. 

If ts going slowly. you can just watch a clock or stopwatch and pnd 

‘out how many seconds it tahes to go around once. Ifit's going fest, 

yout limited reaction tme may serew up the measurement. in that case, 
measure the time it takes it to go around o times. Then divide by io ard 
you'l fnd out how many seconds for what fraction of a second) it takes to 
go around once. 

The other speed, called linear speed, you are most familiar with. The 
speed of acar ot a baseball is given in units of distance/time, such as 
miles/hour. Thats a linear speed. Even though this piane istraveing in 
a circle, ithas a linear speed. You can calculate this near speed, too. 
First, find the radius (in inches) from the support tack to the center of 
the plane, multiply this by two to get the diameter, then by 7r to get the 
distance (the circumference) of the circular path it travels (C714) Then do 
the math with the results from the frst experiment: 











distanceftime «speed 
circumference/seconds to go around once = speed 


The answer to this will bein units of inchesisecond, a linear speed. You 

‘can compare it to the speed of a car. My Plane-on-arStiek went around 

to tines ing seconds and had a radius ofa inches, so I calculated that 

it was going abcut iso inches/second or about 8 miles/hour. Twenty-five 

milesrhou (neighborhood driving) is around 490 Icnes/second, so this is 

slower than a very slow car, In other words, it won't lft off anytime soon. 
Now, ifyou're still game, you could change the amount of water in the 

counter balance bottle. move the support tack. and do thecalculations 

{or this different ight path. Ahh, sweet, sweet physies! 





i 
momen 








First make a battery pack (p 
16-1) of two AA bateries thy 
taped together. 
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Now makea propeller. In this project 
the propeller is made from a playing 
card, cut the short way, Its thinner 
than a piece of bottle plastic, and is 
easier to make perfectly symmetric 
and to make small adjustments to. 
Glue then tack on the card strip 
exactly in the center. Ifyou se that 
‘es not in the center, or fit vibrates a lot when you turn the motor on, you can 
always trim off the longer side with scissors. 





Mark the plate where you'll glue the 
two corks on at either end ofthe 
battery pack, as shown below. You'll 
want this exactly centered on the 
plate for even weight distribation. 








Glue a motor to the binder dip 
exactly as shown. One handie should 
be glued tothe body ofthe dip so 
‘hat the clip will still open when 
squeezed, 





“i 





Clip that binder clip to the center 
ofthe battery pack, then carefully 
push the propeller assembly onto 
the motor shaft Bend up the edges 
ras deseribed in 
Mourting the Motor (pages 25-27). 


1o make it blow: 








Another precision step: hold the 
batteries over the points where youll 
glue the corks and make a mark 
below the shaft ofthe motor. 








Now draw a circle around that center 
point with a diameter jast larger 
than the playing card propeller. This 
is where theair will blow into the 
Hovercraft. It will be offset from the 
centerline that goes between the two 
corks. (lt is less important that the air 
center at the center of the Hovercraft 
and more important that the weight 
is centered) 


‘An easy way to cut outthis circle is 
to draw around and around it witha 
pencilor ballpoint pen untilit pops 
out. 


Now turn the plate over and glue 
two corks onto the plate justabove 
the two marks you made earlier. The 
corks may need to be cut down a 
bit—they should be about 18 inches 
tall, Unclip the motor and glue the 
battery pack to bridge the tops of the 
corks, 
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Clip the motor and propeller back on and adjust it so that it will blow straight 
down into the hole with minimum air loss. Hook it up and be sure the propeller is 
not hitting anything, You may need to adjust 


© ‘The size ofthe hole 
© ‘The size ofthe propeller 
© “The height ofthe corks (though the binder clip allows for some adjustment in 


height) 


Check to be sue t is blowing 
downward. If not, switch around the 
wires. It is blowing dawn weakly, 
bend the tipt ofthe propeller down a 
little more. 


Set the Hovercraft down and see 
it wil hovet twil ony rise a 
i, butka peada pl 
Wide smoothly along unt i hits 

i -a something. It will work better on a 
ii perfectly semoth fat surface I may 
i [ibe os 





‘TROUBLESHOOTING 


© Ifyou hear the card propeller whacking into something. adjust the motor with 
the clip until it is centered between the corks and over the hole. Ifyou cart get t- 


tostop hitting trim the skles a bit more, but make sure they end up symmetrical- 





{© Pick it up and point the bottom at your face. If the aris blowing down but 
just a little, bend the propeller blades up a bit more, but make sure they are 
symmetrically bent 
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© Make sure your plate is not warped or bent. Some Styrofoam plates are better 
than oti 





© Make sure the weight is not off center. If the Hovercraft always drags on one 
side, you can put weights, such as pennies, on the opposite side. 


© ‘The batteries must be fresh and well connected to make this one work If youve 
been flying it for a while, expect it to stop working as the batteries run down. 


You can abo try to Aly it on water, where most hovercraft are fown- T have 
achieved short flights on water, but the moment the plate touches the surface, the 
water adheres to the plate and you're sunk, both metaphorically and literally. 


w. Science Behind It 


Hovercraft have propelers blowing air downward, just like helicopters 
But you'll never see a hovercraft fying high above a city. These two 
machines work on fundamentally different principles. Helicopters work on 
pure Newton's Third Law: for every action there is an equal and opposite 
reaction. Essentially, a helicopter i strong encugh ta blow enough air 
down to provide enough force to support its weight. 

Ahoverraft s not nearly that strong. Instead 
the propeller on a hovercraft forces air under the "skirt," in this case the 
rim ofthe plate, Whena bit of extra alr goes under the plate, it raises 
the pressure there, and begins to escape. The escape route is all around 
the rim of he plate. So the air escaping from under the plate provides a 
cushion ll around forthe hovercraft to float en. 

Because of this, hovercraft can only travel on a smooth surface 
Is one place you can find a fairly smooth surface. Reads ae smooth 
too, but before you begin work ona road-worthy hovercraft consider 

two things: stopping and turning: 

If you're rot touching the road, 
it's really hard to do these things 
accurately, andif you can't, you're 
‘going to have a problem getting 
license plates for your machine. 














Water 
















Flying 
Caterpillar 











Parts 


© Glue gun 
© Knife or scissors 
© End Mount Roach, 2 AA batteries 
© Propeller on glue stick mount 

© Thick paper 

© Kite string, thin cotton, 

© Paper dips 

© Fishing spinner joint (optional) H 
‘© Ribbon (optional) 









Start with an End Mount Roach 


(page 22) anda fairly large propeller. 
Tt works better if the Roach is as short 
as possible. 


Make a caterpillar (or whatever 
other long, narrow creature you 
wish to fy) from thick paper. Glue 
it on the Roach such that the motor 


and propeller stick out well in front 
of the paper 
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Cata piece of kite string around four 
feet long and tie a paper dip onto 
one end oft, Find the point where 
the caterpillar will hang more or 

less balanced, but pointing upward 
slightly. Poke the paper clip through 
the paper at that point, and hang it 
‘upto make sure it is right. If not, try 
itagain, We screwed up several times 
‘on this one before we gotit right, 
Find a place in the middle ofa room 
to hangit, but don't damage your 
ceiling doing this! 


Connect it up and be sure the 
propeller is blowing air back across 
the body of the caterpillar. (IF i's not 
reverse the wires or tweak the shape 
‘ofthe propeller) Launch it around 
the cir that you expect it travel in. 
It was a real trick to photograph this 
Plying Caterpillar, Once it's working 
well, you can put aribbon on ts tail, 
which boks cool flying around. 





TROUBLESHOOTING 
& Be care there is plenty of air blowing back over the Roach. 


(© Most times these critters have a preference to which direction they'll go. Itcan 
be impossble to make it flyin one direction, but easy in the opposite direction, 
However, it is dificult to predict which way will be the easy way until you try 
both. 
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© Try launching the Flying Caterpillar at different angles, diferent heights, 
different speeds, and with diferent lengths of string. 

© Make sure the Roach is pointing slightly upward, We found this tobe key, 
and this seems to make sense: once the critter is fying around on ts sido, an 
“upari ewill be 
working against. 





angle will aid the circular motion, while a “downward” an 





@ Make sure the string & not wound up tight. fit is, try using thinner string or 
use the fishing spinner joint 




















The Science Behind It 





gain. the Flying Caterpillar goes forvard 
because owing alr back, 5 going bucear you can et te 
bowing air forward 

This project traces outa cone in your room, the tip of which isthe 
tether point on you ceiling. The cone may be broad or narrow, but most 
times thare is a certain shape that ie most stable, The axis of this cone is 
an invisible line from the tether point straight down tothe floor of your 
oom. The motor shaft Is spinning perpendicular to that axis as it travels 
around. In other werds, there are two parts to the rotational motion here: 
the spiming motor shaft with propeller, and the caterpillar going around 
ard around. 

When things rotate, they generate interesting forces called gyrescopi 
forces. Nou can foel and see these forces in action witha toy gyroscope, 
‘à spinning bicycle wheel, or a top. When the caterpillar is flying in one. 
Shection, the gyroscopic forces are working with the propelling force of 
the propeller to make it fly stably around its path, In the other direction, 
these two forces are working against each other. 

| continue to be fascinated with this project. I've seen hundrods of these 
built, ard most wort, but sometimes | can fddle vith one fora long time 

and stil can't quite figure out 

why it doesn't work well. The 
gyroscopic influence is large, 
and, like various other factors, it 
0 the challenge: this is mostly invisible. 
me approximately 06 cent 


ort for someth 




















Fan, Color 
Spinner, 
and Top 
E 





PARTS 
© Scissors 
© Gluegun 
® Dall 

© Side Mount Roach, 2 batteries 

© Clothespin switch, normally closed 
© Large propeller on short glue stick segment 

© White paper circles on stiff paper or thin cardboard 
© Markers 

© Hot glue or cork segments 

Film canister or other small plastic tube with a cap 
2 Tape 

© Pushpin or long tack 


ll 
















It doesnt get any simpler than this: 
three interesting things to spin with 
a Side Mount Roach, A dlothespin 
switch, normally cosed (page 33), is 
used here so your band doesnt get 
tired as you fan yourself 
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The first thing to spin isa large 
propeller. Check to see that its 
bowing the right direction. If not, 
reverse the two wires, Ifit’s not 
blowing much, bend the blades up a 
bit more, as described in Mounting 
the Motor (pages 25-27). You should 
be able to get a stiff breeze from this 
puppy Ifit vibrates too much, that means one end of the propeller is longer than. 
the other, Trim of the long end with scbsors, 





‘The second thing to setin motion 
with your Roach is a Color Spinner 
Mounta circle of color on a segment 
of hot glue segment or cork. You can 
tack it glue t, or do both. 





You can make whatever pattern you want on the circle, and when you spin it the 
colors will mix together. To do basic color addition, put only two colors in radial 
patterns 


iin, 


AEN 
hl 
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‘Finally, the trickiest ones the film canister top. Drilla hole, about % Inch in 
diameter, exactly in the center ofthe bese of a film canister. Tape over it with 


the layers of black tape cut short so that they do not go over the side of the filen 
canister, Poke a smail nail hole through the tape. 





Inthe cap, poke the point of a pushpin 
orlong tack through from the inside, 
again, exactly in the center. Take it out, 
put some hot glue over the hole, and 
push the tack back in again so that it is 
għed In place, Alternatively, on some 
film canisters it works beter to glue a 
tack to the outside of the cap, as long z3 
you can get it precisely in the center. 





Now, put the cap on and gen 





hold the Roach in position so that the shaft ofthe 
motor is pressing slightly into the nail hole in the tape over the base of the film 
canister: Rev up the motor and watch the topgain speed. Smoothly pull the Roach 
upward, leaving the top to whirl away by itself on the table. 

‘You can actually push the motor shaft down into the hole, hang the whole Rosch 
abit above the table, get it spinning. and then wiggle or bump it unti it falls off 
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The Science Behind It 


Fans and propellers pesh air molecules. You can imagine the molecules 
are tiny bals standing ia the circle of rotation of the propeller. The 

propeller biade swings into the balls, and they get pushed away 
according 'o the angle of tre blade. if the angle is just right they'll be 
prepelled mostly straightforward, other bais wili move in totake their 
places and then be hit by the next blade to come around. 

1f the blades at a severe angle, will encounter a “thick circle” of air 
radlecules and krock them all forward. The thicker the circle of air, the 
harder the motor wil have to work o push them a.f the blade is ata. 
slight angle, it will encounter a thin circle of balls, and the motor willnot 
have wo wonk so hard. The propeller wil be able to go faster, but will nct 
push as much air with each rotation: 

Most propeller powered planes can ckange this angle; they have what 
is known as a variable pitch propeller This fanctions like ar automatic 
transmissior, on a car to make the best use o the engine's fore at any 
given speed. as a plane speeds up, the air moves past the propeller 
aster, $o it needs to take a bigger bite of air to keep the same push, and 
‘hus the same engine speed. You can adjust the angle of the fan blades 
and feel the difference in how much air moves. Ase listen to the peed of 
the notor change as it has to work harder, 

Color mixing inthis project is quite interesting. Yo'l notice that when 
the cire stops, the colers are still separate, You may ask yourself then, 

Where did the colors mix?” It was In your ey! This kind of mixing is 
fundamentally different than when you mix colors on paper. Try it: put 
two colors en a Coler Spinne and m» them Sy spring it, axd then 
try mixing these two together straight on paper, You should get two 
ently different vesults! 1f you want to read mare about this fascinating 
phenomenon, look up color mixing 
by addition and sektraction, and he 
difference between nixing colors of 
light and colors of pigment (paint). 

The Tops just atop lke any other. 
if you get the top hole ard the bottom 
pushpin exactly spot-on catered, it will 
spin steady for more than ore minute. 








Chris DeLatour originally 
turned me on to the 


of a spinning disk of colors 





















PARTS 
© Drill 
© Sandpaper 
© Glue gun 
© Hammer 
© Nail 

© Bottle (bigis better) with cap 
‘© Cup that the bottle can sit in, upside down, without the cap 
nearing the bottom 

Baseboard 

Motor 





4 Impeller on a glue stick tegment. about 1:5 inches lang (ee 
Mounting the Motor, pages 25-27) 

‘© 2 connection wires 

© Aluminum foil 

‘© 20r3CorD batteries 

© Color for the waer 

© Glitter, foam, and paper pieces 

®© Resistance wire optional) 







First drill a hole, around Yisinch in 
diameter, in the bottlecap. Keep vour 
pinkies away from the bit by holding 
the cap with pliers 
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Rough up the top ofthe cap with 
sandpaper. This will help the hot 
gluestick to the plastic. Gue in the 
motor tightly, as shown, Put 

glue around the edge to make avery 
strong connection. Ifyou screw up 
‘on this pat, the Tornado wil leak. 
Furthermore, once it is wet, it just doesn't help to add more glue. You have to rip 
the whole thing apart, dry it out, and glue it agaia. 








Holdon tothe motorbady (not the 
cap) and jam the impeller on the motor 
shafi. Strip both endsoF two longish 

wires and hook one end ofeach to the 





Fold and wad some aluminum foil 
around one of the loose wite ends and 
tape it to the bottom of a battery. Make 
a battery pack (pages 16-17) with two 
or three batteries. Hammera large nail 
into the corner cf your baseboard and 
tape the stack afbatteries to it, Glue 
the cup to the other end. 
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Fill the boule most ofthe way up with water. If 
you want, put stuff in the water: food coloring, 
glitter, lite chunks of Styrofoam, tiny bits of 
Paper. Be careful not to add too much stuff or 
you could jam the impeller. You can always 
takethe cop offany time you want and put in 
more stuff or fish stuff out. Twist the bottle 
under the cap to attach it. 





Press the loose end of the other wire t the 
top ofthe battery pack and watch it spin. Bits 
‘of Styrofoam will be sucked down imo the 
whirlpool while glitter and paper bits will 
chur around and around, You can even get 
the vortex (whirlpool) to suck all the way down 
to the impeller where the impeller will c 
small stream ofbubbles. 








“The first picture in this project shows the wire connected directly to the top 
ofthe battery pack, But you can also make the current go through a length of the 
resistance wire and the motor will spin slower (See Peripherals, pages 40-41). It is 
a fun challenge to get a big chunk of Styrofoam to stay halfway down the vortex 
bby moving the connection point on the resistance wire. You can also make litte 
boats and act like you're taking them to the bottom of the sea. 





TROUBLESHOOTING 

‘your whirlpool will not suck all the way to the bottom, there are a few things 

you can do: 

© Adda battery 

© Cut the impeller smaller, or a different shapes a smaller impeller will spin faster 
because it doesn't have to push 3s much water. As mentioned before, most 
‘small motors are built for high speeds, so most will be stronger when they're 
going faster. 

(© Take some water out 


© Change bottles. Make sure to use a round one; small ones work, t00, bat you 
can’t make as many interesting things happen inside as with a larger one 
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The Science Behind It 








the water around, it also fings it outward. When the 


water goes outward in the neck of the bottle it is also deflected back up. 








re two circles, or cycles, of motion happening simultaneously 
in the tornado. Water is going around in circles horizontally, like an ant 
walking around and around the hole of a donut. Water is also moving in 
22 pathdown the inside of the whirlpool, cut to the edge of the bottle and 
up, then back into the center and down. An ant walking down through 
he hole of a donut, over the bottom, up the outside, and down through 
he hole again, would be taking a similar route. These two motions are 
superimposed—that is, they are both happening at the same time. If you 
put a single bit of paper in the Tornado battle, you can watch it ace out 
In this project, the battle keeps the whirlpool turning around the 
center. A tomado or hurricane moves in asimilar way, but its a severe 


ire area in the middle that keeps the air crculating around a 
entral eye’ 








The history of this project should be an 
students and teachers. While single-minded! 


pursuing 
design for the Pump pr 


und her student 
f them became 
ked and pı which soon 
ars, we've built tens of 


ia, but only a couple hundred 
pumps. Moral? "Hey, teacher, leav kid: 


ed in nado, Over the las 
thousands of Torna 

















© Baseboard, 5 x 5, atleast inch thick 
© Hobby motor 


‘© Large impeller on a glue stick segment about 1 inch long (see 
Mounting the Motor, pages 25-27) 


18 2 connection wires 
iter bottle with cap 





°c 





© 2pipe deaners 
‘© Colored paper 
© Sti paper, as from a file folder 
© Transparent ape 

‘© Aluminum fol 


it to the baseboard, 
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Glue a moter to the CD so that its 
shaft sticks up through the hole, Glue 
at securely, but take care not to get any 
glue on the shaft. Strip and connect the 
wires to the motor. 


Holding the motor tightly, press the 
motor shaft into the hole inthe fee 
end of he impeller. 


Glue the CD-motor-impeller assembly 
‘onto the tw-liter-bottle bas, as 
shown. Glue a few figures orto the CD. 
leaving enough space for the impeller 
10 spin, Connect the battery to be sure 
the motor with impeller spins freely 





‘Cut the top part ofthe two-iter bottle down a bit (unless you wart a tall 
Snowglobe). Do your best to make the rim straight and smooth, as it will need to 
seal down against the CD. You can tell if its straight by setting it down on the 
table—it should stand upright with no cracks around the edge. Then cut two slits 
about half way up the sides. 





Draw and cut out a figure from stiff 
paper and glue it onto a doubled 

pipe cleaner. Slide the figure up into 
the bottle top with the pipe cleaner 
sticking out of the slits in both sides of 
the bottle. Bend the pipe cleaner ends 
‘over. Use transparent tape to refasten 
the two slits together. Gha more 
figures against the back of the bottle if 
you want. 








Set thisassembly anto the CD and 
check ifthe impeller is still free to 
spin. Sometimes you have to eut the 
impeller shaft shorter or raise the 

pipe cleaner, You'd better get it right 
though, because the next stepis to 
glue this whole assembly down to the 
CD. This is atrick sometimes, because 
the hot glue will oten cause the bottle 
plastic to melt and deform a bit. t 
works well to put small dabs of glue all 
around. (In welding, this is called "tacking ”) [fF you still have big holes that the 
snow can leak out of, you can glue anotber pipe cleaner or a piece ofthick yarn 








around the base to seal it. (This is not shown here) 
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Set upa battery with a momentary contact 
switch right off the top and glue it onto the 
baseboard, Scrape little bits off a big chank 
of Styrofoam ard stice them into the bottle 
through the top 


Serew on the lid, connect the switch, and 
watch it snow. If you put too much snow in, 
you can dump some out through the mouth 
of te bottle. Ifyou need to, you can try to 
adjust things by sticking a bamboo skewer 
down through the mouth, too. 





Here's another model made from CD 
cases raised up on marker caps. The 
battery is hidden undemeath. It was 
hard to getall the joints sealed, but it 
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bd The Science Behind It 


Propellers, which you find on fans, boats, siplanes, and helicopters, 
throw air forward or backward. An impeller, as found on this project, 
throws air outward fiom the shaft. Here the impeller powers a highly 
localized weather pattern; its blades push on theair. They alo may strike 
a few pieces of Styrofoam snow, but the moving air pushes most ofthe 

The snow swirls around, showing us where the prirary ar currents 
are. You may matice snow getting stuck behind some of the objects you 
placed in the Snow Clobe. These are areas of low wind speed. if you make 
a square or triangular Snow Globe, expect low wind speed in each corner, 
‘evidenced by a smal pile of snow. 

M a liquid snow globe, the bits of snow flow with the liquid instead of 
air. It may be smoother and more stylish, but your model is more realiste 
If you want to make the wind blow in the opposite direction, switch the 
two battery wines. 

At the Watsonville Environmental Science Workshop we once taped. 
together giant pieces of plastic 10 make a walk-in Snow Globe. We loaded 
it with hundreds of gallons of old styrofoam packing peanuts. Then we 
put two vacuum cleaners in 
reverse to blowit full of ait 
and then blow fake snow 
back and forth at each 
other t's great fun, as long 
as you do't get styrofoam 
stuck in your throat, 











Spinning 
Surprise Tree 
on) 












PARTS 
© Knifeor scissors 

© Drill 

© Gwe gun 

© Baseboard 

Hobby motor 

4 Skinny cup 

3 connection wires 

@ 2 tacks 

® Paperclip 

© Cork (needs to be solid andtight) 
Aluminum foil 









Strip a couple of long wires at both 
ends and hook them to the motor. Drill 
a hole, about is inch, in the base ofa 
‘cup and glue the motor from the inside 
with the shaft sticking up through the 
hole. The shaft should stick upas far as 
possible and be free to turn, 








Now for the branches: Poke or drill a 
nail hole in the cork. Push the moror 
shaft up into the cork hole, but be 
careful not to push so hard that the 
motor comes unglued from the cup. 
You can reach up and hold the motor 
while you push on the cork. It should 
{goon as far as possible while still 
allowing it to turn without rubbing 
anywhere. 








Spinning machines 


Decorate the cup like Santa Claus (er 
anything elseyou want). He will be 
hidden by the branches ofthe tree and 
only visible when you start the thing 
spinning, If you use cotton, don't use 
too much because it tends to catch on 


the paper branches 

Dont glue the cup down yet. Rig up 
‘a two-C-battery pack and glue it down 
tothe baseboard, Make a switch if you 
want, A two-tack paperclip switch is 
shown here 





‘Cut the green paper into strips. Fold 
them in halt and glue them onto the 
top of the cork, one by one, at different 
angles. Bend them down around the 
cup as you go, and continue patting 
them on until you can't see Santa 
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Decorate the tree. You can put 
whatever you want, but beads help to 
weigh down the branches and close it 
"up when it stops spinning. Notice how 
there are a couple of beads at the tips of 
each branch, 





Al tht is loft to trim the branches so that they don't hit the baseboard or the 
cup, and start spinning when you connect the circuit. Ge the cup down when 
everythingis working right, 


Samy 





Hereis photo ofa model using two stacked 
film canisters. One C battery happens t fit 
nicely in the bottom fiim canister and the 
‘motor is mounted under thelid ofthe top one. 








Spinning Machines £ 





Here yet 
another model 
using green yarn 
instead of paper, 
without acup 
and withor 

Saint Nick, 











‘suey, 





The Science Behind It 


You know what’s going on here~you've already seen It at amusement 
parks and on merry-go-rounds. You also may recall being spun arourd 
in cirdes by someone when you were younger. The faster you spun, the 
higher you went. This is a rotational example of the frst part of taac 
Newton's Finst Law: objects in motion tend to stay in motion. Furthermore, 
objects tené to go straight. When abject are going in a circle, look ard 
you'll always fmd a force pushing or pulling them continuously toward 
the conter of that cirelo. 

‘The beads at the end of the branches are being pulled jorwasd and. 
around by the branches they're glued to. At every instant, they'l resist 
going arourd and attempt to go straight forward. The resulting force in 
‘he branches raises the beads and branches from a low position close to 
the center to a higher one farther from the center. This exposes the face of 
the dear old elf. Cute, and good physics to boct. 
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Spinning 
Pinecone 





PARTS 
‘© Glue gun 

© Drill 

© Side Mount Roach, 2 C battery pack 
© Glue stick segment 

© 2x 4 baseboard, about 8 inches ong, 
$ 3 half paint paddles 

© 20r 3 corks 

«© Film canister or spool 

© 2 short segments of inch PVC 

© Peneti, or ti-inch dowel, sharpened at one end 
@ Lor 2 binder clipe 

© Medium rubber band 

© Pinecone, or something to spin 

© Resistance wire, optional 





Start with the Roach, Leave some space $ 
between the batteries and the motor for 
the binder clip. Push a segment of g 
stick onto the tip ofthe shaft, 
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Build an H frame structure with 
the half paddles on one side ofthe 
baseboard, as shown. 


Put on two corks, and two sections of 
PYG, aligned vertically as shown, The 
lower one should be around a % inch 
above the baseboard, and the top one 
near the top of the pencil when you 
stand itup, leaving plenty of space 
for the pulleys in the next step. 





Drill a hole into the top and base ofa 
film canister The hole should be a bit 
smaller than the pencil so that the film- 
canister grips the pencil tightly. Ifyou 
use a spool, wait until after the next 
step and then glueit into postion on 
the pencil. 


Sharpen the pencil or dowel. Thread 
the pencil through the upper PVC 
segment, then through the film 


canister, then the rubberband, 


and finally through the lower PVC 
segment. The pencil should be resting 
onits paint 





ni 
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Clip the Rosch on the back ofthe 
crosspiece with the motor out over the 
end and the shaft sticking up Hook the 
rubber band over the motor shaft and 
slide the film canister up or down unti 
aligned with the shaft. Tweak the Roach 
until the shaft is parallel with the pencil 
Hookit up and the pencil should whirl 
away. [it turns too fast, you can take off 
one battery, or you can use resistance wire 
to redace it from full speed. 








stick something wacky on the top of 
the pencil. Thad an old pinecone sitting 
around when some students and I came 
this project years ago, and it stuck 
This isthe rock-star venion. Ifyou use a 
dowel, you can make itas long as you want, 











Make it go, watch it spin. 
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‘OPTIONAL 


You can change the speed of this by adding 
more speeds tothe transmission. You 

‘an drilla hole in half of acork,and then 
thread the cork on the pencil just below 
thefilm canister, 





Ky 


Now, by sliding the film canister and cork up and down, the rubber band can go 
around the film canister (first gear), the cork (second gear), or directly around the 
pencil (third gear). Check out which gear is fastest and which gear is strongest. 
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And for the grand finale. 
the Spinning Pinecone with 
Electric Lights! This design uses 
a couple of eye screws instead 
of the tubes for bearings, and 

a larger wooden wheel with 2 
groove cut into it for the pulley. 
You can see the 9-volt battery 
strapped tothe shaft and a 
circuit with a few holiday lights 
decorating the pinecone. Sweet, 
especially in the dark. 














#— 


The Science Behind It 


This is but è vertical example of the transmission used in the Transmission 
Car project (page s7). I} you stuck the pinecone directly onto the motor 
shaft, it would net work as well because the metor is too fast and weak 
The transmission slows the rotation down, and the motor is able to give 
more force, or torque. The larger the wheel on te stick, the slower it goes, 
and the more torque it gives. Connect straight to the shaft and yeu get 
some serious speed, but very little torque 

















Bizarro 
Machines 


is chapter containsa few projects that defy categorication, 

Not just land, air, water, or spinning machines, these 
projects have some ofeach, 

A litle hobby motor can power a small contraption that 
hops around crazily on the floor—not exactly transportation, 
butnearlyas funas apet. Acouple of motorscan make circular 
waves ina suspended string, and also display properties of 
a wave you'll need to know for college physics. The same two 
motors in tandem will dive a small cab traveling quickly 
along a tight string from one place to another. You can 
use a mator with a small propeller to blow bubbles. And a 
tiny impeller vili even pump water, allowing you to create 
‘stunning fountains, gurging artificial brooks, or a cascade 
into your fish tank. 











the me 
to the top ofa fairly large cup. 








CCip it on, connect itup, and watch it 
hop like a maniac! 


Here's another base made from two 
pieces of baling wire or hanger wire 
taped onto a halfa paint paddle. 


You can put as many legs as you want, 
and bend them in any shape. 


Another way isto create a base from 
two half paint paddles and three corks. 
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Shown here isa Side Mount Roach 
clipped onto the frame with « 
clothespin switch. Which end do you 
think should be the head? You can 
mourt the Roach with the motor 
sticking offthe other way, too. 





This arrangement makes it easy to change the angle of the Roach and find out if 
you can control the direction it moves. I'm not going to tell you which way the 
Hopper moves in each ofthese photos. 






Finally, you can always tie 
markersto the legs ofa Hopper 
and draw an interesting pattern 
‘ona bigpiece of paper. Use 
rubber bands to make it easy to 
switch markers in and out. 
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The Science Behind It 


To understand how these hoppers hop, recall isaac Newton's Third Lav: 
for every action there is an equal and opposite reaction. When the glue 
stiek swings left, the motor will move right. When the glue stickswings 
down, the motor will move up. And if the motor is attached to something, 
like the Hopper's bacy, it wil drag that something along with it. The 
spinning glue stick is called an offset weight, and shows how most 
vibrators work, from foot massagers to cell phones. 

You may have noticed that you don't see many vibrating vehicles Ike 
this moving down the road If you found your Hopper difhcult to control, 
you're net the frst. ttie unclear what determines its direction, but factors 
Seem to be the shape of the feet, the direction of rotation of the glue stick, 
and the angle of the rotation in relation to the feet, 











prototype at 


San Fran 





i 


i 
l 





EAIN 


120 | kinetic Contraption 








Glue s battery pack onto the top ofthe 
crosspiece. A PVC segment housing 
two AA batteries is shown bere. Twist 
the two bare wire ends onto the twa 
Paper clips so that each paper clipis 
fastened to one wire from each motor, 


Glue on a cup gondola and makes 
passenger i'you want, Hangit up, hook 
i up, and watch i takeoff. 

Tit doesn't take offlike a racehorse, 
it could be that the two motors are 
spinning in opposite directions. In that 
Sase, reverse the wires on one motor 
If you want it to go în the opposite 
direction, reverse the paper clips on 
the battery pack. or just take the whole 
thing off the string and put it on facing 
the other direction, This is one ofthe 
fastest contraptions in the book, and 
when my students and I discovered 
it we strung strong strings across 
the entire park and spent a happy 
afternoon sending passengers (candy, rocks, twigs) in cable cars back and forth to 
each other. You can also try to see how steep a hill it will climb, 


mr 





Naturally you e 
design on this one. Here isa photo of 
a Cable Plane by a pair of high school 
students from the Workshop. 
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The Science Behind It 


Vehicles trat hang from a cable are also called aerial tramwaysor 
gondola ifts. They are rarely set up like this one for safety reasons: one 
bump of the cable and your ear will plummet to the ground. Real ones are 
either locked onto a long leop of cable, or ricing on one cable or set of 
cables while being pulled slong by ancther cable. 

Real lfe cable cars often take people and cargo across rough terrain, 
Once you go tothe trouble to strng a cable across a treacherous patch 
of land, itis ulta-effeient to travel along the cable. Likea train on a 
‘ack, friction is low and the ride is smooth. You may porder why you've 
never seen a cable car sitting on top ofa cable. You're welcome to try to 
design one, and while you do, think how much easier it is to hang from a 
horizontal bar tam te it is to balance standing on top of it 





E d 








PARTS 
 Ghuegun 

© Knifor scissors 
lds ac Rates M ul pel pili tt bey 
© Battery pack, 1 Cor Dbattery 

© Shoe box, around 12 inches long 

© 2pustpins 

$ THicksiingonoren ia beter than standard vie) 
© 2 medium binder clips 

© 2 paper clips 

© Resistance wire optiona) 











Start with two motor-only Side Mount 
Roaches (page 22), just as in the Cat 
Car (page 127) though a bit longer, and 
a single battery. Glueon the motors so 
they point in opposite directions 





Mountthe bottom endsof the 
Roaches abont an inch away from 
either end ofthe side ofa sturdy shoe 
box. Punch a pushọin through from 
the outside of the box into theend of 
each paint paddle. The motors shafis 
shouldbe pointing toward cach other. 











Squirtsomehot give over thesharp tips 
that protrude through the paint paddle. 
This will lock them into position and 
also make it safer. The arms should 
swingeasily, side to side. 


Cuta length of heavy string that just 
fits between the two mator shafts in 
their outermost positions. Make two 
stubby glue stick segments to connect 
to the motor shafs. Tape theends 

of the string onto the two glue stick 
segments. The holes for the motor haft 
should be on the tips. 





Jans the glue stick segments 
onto the moter shafts. Twist 
the endsof one wire from each 
motor together and wrap them 
around a paper clip. Twist the 
‘other two wires in the same 
manner. Use the binder dips to 
clamp the Roaches to theside 
ofthe box. They should stay 
where you put them 
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Glue the battery down inside the box and honk up the wires. You'll see 
immediately if you were lucky enough to hook the motors up so that they're 
turning the same direction. If you weren't, the motors will be opposing each other 
and the string will wind up tightly for a few seconds until everything stops. If this 
happens, reverse the wires to one 

motor. It doesnt matter which, 
because it doesnt matter which 
way the string swings. Once it's 
swinging smoothly, move the paiat 
paddle arms to adjust the tension 
in the spinning stringand try to 
get different wave combinations, 
Here are two full waves 








Here is a single wave. 


You can also try restricting 
the spinning string by pinching it 
loosely in different places Here 
isa wave and a half 


Sometimes you'll find odd patterns 
made up of the superposition of 
multiple wavesorms. 








A related machine makes waves with 
one Roach and a string dangling 
down. These waves are a bit different 
since the bottom can be held in one 
place or allowed to swing to the 
outside. Read the Science Behind It 
section on page 134, then check it out 
again: with this model, you can make 
and wave multiples. 
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You can put ina length of resistance 
wire to slow down the motora bit to 
generate other waveforms. I've spent 
hours playing with thisand karned a 
lot. Itis cool to watch in the dark with 
1 colored flashlight shining on it. Ifyou 
happen to have a strobe light, you can 
see what the string looks like stopped. 
Of course, when you're done, you can 
fold down the arms and pack it all up 
in thebox for mobile demonstrations. 


If you're keen on this project, you can 
make sturdier versions with PVC pipe 
or wood. 
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The Science Behind It 


Waves are jundamental elements of nature. You'll need to study waves and 
vibrations f you want to understand earthquakes, mesic, complex electric 
circuits, atomic structure, light (and all other electromagnetic radiation), 
astronomy, explesions, and of couse, the ocean. This machine makes an 
interesting, if quirky, sort of wave for you to get to know. 

Waves formed by this machine are in multiples of Ye wave. A half a wave 
looks like this 


t 


Spin it around and it looks like this: 





This is the waveform of a jump rope! This is also the “fundamental” wave 
ofthe Wave Machine, and it tendis to be hard to achieve. Give it a shot. Since 
this is a half wave, the full wavelength oft would be twice the distance 
between the two motors. 

A full wave locks like this: 
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Spinning, i tooks like this 


M 





The wavelength of this wave is exactly the distance between the two 
Here are two waves: 


wA ANA mm 


Their wavelength is haf the distance between the two motors. With this 
machine you should be able to achieve all these multiples of a wave: 





Waves move. Any drawing or picture of a wave is ike a stop-action 
photo because it shows how things are at a given instant. But somewave: 
lice the clear ones you can make on ths machine, are called standing 
waves because their nodes, maximums, and minimums stay in place. 

W's a bit complicated to understand, fut actually they're moving in both 
directions at once, bouncing off both ends and sitting right on top of each 
other. Chew on that for a while. This is what happens on a guitar string 
and inside a flute. 














Thanks to Don Rath) 


siration from his original model, w 


the incresible book square Wheels, and also at www 


edu/square tring_mach 








© Knifeor scissors 
© Glue gun 
© Tape 


© End Mount Roach, C battery 
© Momentary Switch, Normally Open 
© Medium propeller on short glue stick segment 
© Baling or hanger wire 
Yarn or pipe cleaners 
© Bowl (for bubble solution) 
‘Bubble Solution: 
Dish soap 
Water 
Glycerin üf you can find it, but not necessary) 





Start wih the End Mount Roach (page È 
22). The momentary switch works well 
in the center, 





Make a propeller and push itonto 
the motor shaft. Check to be sure 
it blows forward. Iit doesn't, 
reverse the wires on the motor. 








Forma loop about 3 inches in diameter 
from a piece of baling wire or an old 
hanger. Leave long tals on both ends of 
the wire. 


Wrap pipe cleaners or yarn around 
‘the loop. This will hold more bubble 
solution tothe wire when you dip it 


‘Tape andor glue the tails ofthe loop. 
onto the stick of the Roach. The loop 
should stick out a couple ofinchesin 
front of the paint paddle. 





“The loop should be parallel to the 
propeller’s plane of rotation and about 
‘one inch in front ofit. You want the 
air blowing through the loop. Keep 
bending the wire until itlooks good. 
Put more tape on ifit is still a bit lose. 





38 
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Pour some bubble solution into a bowl 
and dip inthe loop of wire 





Pull it out and push the switch, You 
should get a bubble, 





‘TROUBLESHOOTING 


Iit doesnt work, try it again. And again, Several more times. Still no luck? Here 
are some thingsto consider If the bubble pops each time, there could bethree 
things wrong: 

{© Your soup solution is no good. Try making bubbles with a strawor bubble 
‘wand. Make sure you can easily make good bubbles before you try making 
‘them with the Bubble Machine. 

© "The propeller is blowing too hard. Make it blow less by bending the corners 
dawn abit. or snipping off the ends of the propeller to make it shorter 


© The propeller is too close to the loop. Bend the wire away from the propeller or 
slide the wiretails down bit. 


Ifthe Bubble Machine spins but the bubble just stays tight across the loop, there 
could be three things wrong 


© The motor is goingthe wrong way. Make sure the airis not blowing back across 
the Roach. Ifit is, reverse the wires on the motor 


Bizarro Machine 





© ‘The loopis too far from the propeller. Bend the wire so that it is closer 


© The blades of the propeller are not bent enough. Bend them so that they take 
bigger cut of the air. 


Some factors in making larger bubbles are a good bubble solution, patience, 
finesse, and moving the bubble ring so that the bubble itself doesnt have to move 
much. A small jerk up or down at the end dos well to seal off the bubble. To 
make smaller bubbles you need a smaller loop and some mechanism to seal the 
bubbles off before they grow too large. 





The Science Behind It 


















It is truly astonishing how much science is present in a common soap 
bubble. These bubbles are made cf three substances: water, soxp, ard 
air Water has a relatively large surface tension. This means the molecules 
of water stick tightly to each other. You can see this surface tension if you 
placea drop of water on the table. The drop will remain in a domed form, 
which means that its molecules enjoy their own company more than that 
of the molecules of the table 

‘Airis what the bubble is blown with, so to speak. witt a drinking 
straw, you can blow bubbles in plain water, but they will usually rise 
directly to the surface and pop. The surface tension of the water is too 
strong to alow abubble to remain at or above the surface of plain 
water Soap lowers this surface tension and makes a freestanding bubble 
possible, 

To get a bubble out of water you need to sustain a tiny layer of liquid. 
Scientists call this a tn film. when you put soap Irto water, it orgarizes 
the water molecules in such a way that thin fims can form and bubbles 
cam exist. The bubble wall isso thin it is close to the wavelength of 
light Because ofthis, white ight ets messed up when it goes through 
aà bubble wall, leaving certain colors and 
canceling others. This phenomenon is 
called thin film interference and results 
in the wild rainbow of colors you see in a 
bubble. You can also see them in an oily 
puddle or an abalone shel 




























PARTS, 

© Dail 

® Knife 

© Side cutter 

$ Glue gun 

$ Hobby movor 

®© 2 connection wits, 2 feet long 

3 or 4C or D batteries 

© Aluminum foil 

$ Black film canister 

‘© Flexible tubing, e inch outside diameter, Yis inch inside diameter, 
18 inches long 

© Tope 

«© Clothespin spring type 

‘© 2iter bottle with cap 

© Baseboard, at least inch thick 

$ ‘inch dowel, 15 inches long 

‘© Smalibinder clip 

© Rubber band 

© Nail 











Drill one last hole in the soda bottle 


cap. Get it precisely in the center. This 
plastic is much harder and thicker, so 
itis best to hold the cap with a pair of 
pliers and avoid getting your fingers 
too close, All three ofthese holes must 
be clean—pick away any burrs or lose 
plastic with a knife 


Pinch the length of tubiag nearly at 
the end in the main indention of the 
clothespin: 
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Startby dnillinga 
center of the film canister base. This 
will be theintake hole 





inch hole inthe 


Drilla second hole in the side, all the 
way at the bottom. This willbe the 
‘output hole. 
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Insert the tip end ofthe tubing into the output hole on the side of the film 
canister. The clothespin should be tight against the sie of the film canister with 
the tubing just barely protruding into the film canister. Tape the clothespin into 
position, leaving the tube untaped for further adjustment if necessary. 





‘Stick the motor into the cap so that the shaft sticks out the top. Tt works well to 
Put some glue around the hole, place the motor in poston. and then glue all 
around the motor until the cap is half filled up with glue, Ifa bit of hot glue gts 
stuck to the shaft, pick it away when t's dry. 











“To make the impeller, cut a length of hot glue stick about as long as the dameter 
‘of the cap. Drill a nail hole through the center in the middle, then squeeze the tips 
‘with pliers until t looks like this: 





Push it firmly onto the motor shaf, Trim the ends witha side cutter until they 
don't stick out past theedge of the cap. This is the impeller assembly. 





Leave those two parts for now and 
build the base. Any thick board will 
work, Drilla "%einch hole near the 
edge and hammer a Yeinch dowel in 
Decorate itif you want. 





Stack up three or four batteries and tape them together. Wad some aluminum foil 
around one wire from the motor—it doesn't matter which one—and tape tonto 
the bottom of the bottom banery. Tape all the batteries tothe dowel. The other 

wire from the motor will be the momentary switch when connected to the top of 


the battery. 








Now comesthe tricky part: insert the motor assembly into the flm canister. (This 
is much easier with the help ofan sistant) The Pump works, more or less by 
‘he impeller throwing water down the end of the tube that is stuck into the side of 
the film canister. Thus, the impeller must be exactly even with the end of the tube 
leading from the inside of the film canister. If it's pushed too far it will be stuck 
against the base. 


intake hole fim can 


= = 
"y 


7 Nures ts battery 
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‘The best way to avoid this is by connecting up the motor so that it's spinning 
as you put it in. then you'll hear the impeller make a different noise ifit hits 
something. As you first slide it in, be sure ifs not hitting the side of the film 
canister. Ifit is, trim a bit more off the tips of the impeller. Then, as it goes deeper, 
sten for ithitting the tube. If you hear that, ease the tube out from the clothespin 
abit. Finally, watch closely through the hole in the base of the film canisterand 

ie spinning impeller approach. Stop when you see it exactly in line 
with the tube entrance, 


you'llsce 








You will likely push the impeller 
assembly in too far, and the spinning 
impeller will hit the bottom ofthe film 
canister and stop. No worries. Get a 
large nail, poke it through the hole 
inthe base, and push against the cap 
‘until the impeller assembly moves back 
down the flm canister a bit 


Once the impeller is spinning crazily 
right at the entrance w the tube, the 
Pump is complete. Time to submerge 

it, Use any reservoir you have or cut the 
top offa two-liter botile and fill t up 
with water. Drop the Pump in and jiggle 
it a bit to gt the bubbles out. Air in the 
Pump will keepit from pumping at 
maximum efficiency. Then hook tt up. 
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TROUBLESHOOTING 

If water doesn't come blasting out like a fire hydrant, check for these possible 

pitfalls. 

@ Make sure the motor is spinning 

© jiggle It again to make sure all alr bubbles are out, 

© Make sure the tip of the tube did not entirely fall out of the hole in the side of 
the film canister. f this is happening, you'll see water churning around the 
film canister but not much heading down the tube. H should be no problem to 


stick the tip of the tube back into the hole in the film canister. Don't stick it too 
far in or the impeller will smack into it. 





© Peer through the base hole and check to be sure the impeller is just in Line with 
the tip ofthe tube Adjust it up a bit with your thumb, or backa bit with a nail 


© You can enlarge the intake hole in the end ofthe film canister. 


© Ieverything appears to be as good as possible, you may have to mal 





impeller, as smooth and precisely as possible, then try it again 


Once youive got water spurting out, 
you can do any number ofthings to 
make a beautiful fountain. A small 
binder clip anda rubber band will held 
the tube in postion. Another binder 
clips shown here holding the bottle in 
postion next to the dowel It is stuck 
in a slit cut into the rim of the bottle, 
clipped to the dowel. 
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‘You can also include a water wheel. Here is one made by gluing fins on s thread 
spool. The axle isa bamboo skewer spanning the rim ofthe bottle. 





(Or forget the whole bottle and usea 
bowl full of rocks for the reservoir. You 
can hide the motor under the rocks, 
just like the fancy commercial ones, 
‘and lt the water gracefully arch over 
and hit the rocks. Strive for the serene 
gurgle of agentle mountain stream, not 
the dull tinkle ofa midnight potty run, 





‘The possibilities with this project are endless: a forever lowing river, a et ski, a 
floating marble, ora fish tank fountain, I once saw an art installation in an elite 
in Francisco gallery that consisted ofa pamp jast like this one pumping water 
to the top ofa massive cascade. The cascade was made entirely from the plastic 

packaging shells you throw away after opening « new toy or tool or gadget. 
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The Science Behind It 


Thisis called a submersible, centrifugal pump. This type of pump is 
widely used in industry, It made large-scale irigation possible across the 
United States when farmers began to use it inthe 19208. Pumps lice this 
also power most fountains and municipal waterworks 

"previously stated that the impeller throws the water int the tube. 
Here’ a more concise explanation: when the impelle spins, it creates 
higher pressure at the wal of the fim canister and lower pressure In its 
center. The intake hole in the base of the flm canister is in the center, 
where there is low pressure, and the output hok is on the sde where 
there is high pressure. Water is a fluid, and fluids terd to flow from high 
pressure to low pressure. Thus the water heads up the tube. 

But the Impeler throwing wate is a perfecty good explanation. You 
may have seen an art oy made of a smal table that spins. After sticking a 
paper plate to the spirning table, you dibble paint onto it and the paint 
makes beautiful pattems as it whizzes outward off the edge of the plate. 
If you've had the rare fortune to ride on one ofthe few merry-go-rounds 
left in this ever-more safety-conscious world, you'll know that you're 
always flung outward as it spins. Smilariy, water flows off the tip of the 
Pump's impeller heading outward, that is, toward the wall of the plm 
canister. Give ita hole to escape through and it will do just that. 








Demos with 
Electricity and- <2 
Magnetism 

E} 





PARTS 

© Tepe 

© Thin wire, 3 fet long 

© Magnet 

© Compass, or magret hanging from thread 
@ Battery 





With just a few parts, you can recreate Øested’s monumental discovery (see 
Introduction, page 2). Place the small compass on the ble and observe which 
way it points, Tape a wire to the table running in the same direction. Put the 
compass on the wire so that the needle points right down the wire. Hook a 
battery to one end of the wire, and have the other end ready to connect to the 
other side of the battery. 
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A compass is basically a magnet that is fre to pivot it will align itself with the 
largest magnetic feld around. Before you hook up the wire, the largest magnetic 

eld around is the Earth's. When you complete the circuit and the battery pushes 
a large current through the wire, that current generates a magnetic field that will 
push on the compass needle harder than the Earth's. The needle will deflect a bit 
to theside. 








This demonstration is proof ofthe connection between ekctricity and magnetism. 
If you don't havea compass, hanga magnet just over the top ofthe wire. Connect 
and disconnect the battery. (If you don't havea magnet, sop everything and go 
find one—a world of wonder awaits you!) 








Exploring Motors 


‘You can also do the converse dem: 
onstration, Place the wire so that 2 
section of tis free to move, lace a 
magnet on the table just beside it. 





Now connect the battery to make current flow through the wire. You should be 
able to see the wite jump. Turn the battery over and try it again. The wire should 
jump in the opposite direct 

‘This is a fairly weak push, but you can make it stronger by winding a wire 
many times. It’s called an electromagnet 


















Solenoid and 
Electromagnet 
D 





PARTS 
(Scraper or sandpaper 
© Tape 

© Magnet wire, around 30 gauge, 6 fet or more 
© C or D battery 

© Paperclip 

© Nail 

© Straw 

© Aluminum foil 





Magnet wire is used in devices that need many coils close together. Tts 
insulation is not thick plastic like connection wire, but rather a thin layer of 
paint or varnish. You need to scrape or sand this insulation off both ends before 
you can connect to it 

(You could do most of these 
activities withthe same wire 
you use to hook up your motor, 
but they wouldn't work quite as 
well. The coils would be larger 
and more cumbersome, and the 
ig electromagnetic fields 
wouldn't be as strong since each 
wind would be farther from its 
neighbors, making the magnetic 
field spread out more) 














Exploring motes È 





Wad litle aluminum foil mits onto 
each end of the wire. This mikes it 
‘easier to connect tothe tiny wire. Wind 
the wire around a straw right near the 
end. Hook up one eni tightly to the 
battery, and use the other as the swich. 
Tape the battery onto the straw as wel 
Thisis calleda solenoid, and can be 
sed to suckin small objects with iron 
in them, suck asnailsor pape: clips 


Unfold a paper clip or grab a nail, stuff 
it upinto thehole, squeeze the battery 
to make a good connection, ard see if 
you an hold 
object falling 


vertically without the 





Ifyou jama large nail up the end ofthe 
tromagnet. 
Wrap some toe around the nail to 
make it stick inthe drinking straw. You 
can pick up small objects with this, just 
as yon can with a permanent magnet. 


solenoid, it becomes an ek 








You didit need the straw at all to make an electromagnet—you can just wrap 
wire directly around anail. But it’s nice to be able to pull the nail core out and 
have a solenos! 

a coil irereases the magnetic field by packing wires with current close 
together. 1f you hang a magnetin the middie of a coil of wire, you get a meter. 















Roll some magnet wire aunda D 
battery to make a coil, Twist it together 
so k wont come apart. Strip the tips of 
the two ends as in the previous project, 
and leave them free to connect 10 
different things 


Make a simple cardboard frame with a 
hole in a vertical wall, as showa. Tape 
Your coilinto the hole. 
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Hang a magnet from a thread jast in 
the middle ofthe hele. 


When you hook up a battery to 

the wire ends, the coil becomesan 
electromagnet and the magnet hanging 
inside turns toalign to this magnetic 
field. 





‘This simple meter can be used to test 
batteries. Weak batteries will turn the 
magnet more slowly while strong ones 

will make it jerk to attention. It can 

akio be used to show polarity. Ifyou 

hook up the battery in the opposite 

way you get this: | 


With different polarity, the currentis running na different direction, so the 
electromagnet is formed in the opposite direction as well 

You may notice that this is not so satisfying. Al t does is jerk halfway around 
and stop. There's not much work you can do with that, right? Bat if you're clever 
you can work out how to switch the wirer each ime the magnet comes areund to 
give it another push and send it around again. Then you'd havea motor—like the 
next project, 

















 Knifeor sclsors 
© Needle-nose pliers 

© Tape 

© Gluegun 

© 1 D battery 

© Magnet wire, 24 10 28 gauge, 6 feet long 
© Magnet 

© Cardboard or wood 

‘© 2 large paper clips 









Here is acommon, simple way to build 
a motor. The col itself will turn, so 

it has to be perfectly symmetricand 
balanced. Wind some magnet wire, 
about 24 gauge, around the D battery. 


Wrap the ends around the oil and 
Ieave them sticking out an inch or 
so. This willbe the coil as well as 
the rotor. That means it will be the 
thing spinning Itmust be perfect: 
nmetric and balanced with its 
Ends as straight as possible. 
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Now comes the sensitive part Using a 
knife or scissors, scrape the insulation 
off one side ofeach wire end. This one- 
sided scraping serves the function of 
“brush” in anormal motor. 





insulation 


Zé 


“The insulation should be missing from 
one side ofeach end. A close-up 
picture would look like this 


bare copper 


(Get two paper cips aren them 

| shown. Needle-nose pliers are useful in 
Cope 

a 


‘Tape them tightly to the ends of the 
battery. Glue the battery to a piece of 
cardboard or wood, and glue a magnet 
to the wp ofthe battery. (It may stick 
by itself—some batteries have iron in 
the casing, some don't) Slide the coil 
into the slots. 
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Ifyou are quite lucky, it will start twirling away. This happens in about 1 of 100 
s. All other cases must start troubleshooting, 


(© Give the coil a flick. Check to be sureit 
jerks a bit, which means that the magnet 
is pushing it, Ifit just turns likeany piece 
‘of scrap metal. it means there isa bad 
connection somewhere, There are only 
four connections to check, The two at 
‘the battery can be made better by taping 
‘them more tightly, or clamping the battery 
between your thumband forefinger. 

“The two at the top of the paper clips 
depend on your scraping job. Scrape + bit more insulation off the ends of the 
coils if you are in doubt. In fact, you can scrape one off completely and leave 
halfof only one insulated. 





4 The coil must be well balanced. Grabit like 
‘the photo here and twirl ita bit between 
your fingers. Ifyou let go and one side 
always falls to the bottom, gently form the 
ends so that they come out exactly from 
the center of each side of the coil 





© Make sure the battery is not dead? If you leave the coil sitting in the paper clips 
when it stops turning, sometimes it is still connected and you'll drain your 
battery in just a few minutes. 

‘© Sometimes the copper of the magnet wire oxidizes a bit overnight, which 
creates a chemical layer of insulation, so you may have to scrape the ends of the 
coil if you have left it for a while. Scrape the two crooks in the paper clip while 
Youre ati tobe sure theyte not oxidized or covered with crud. 

© Another trick is to take off the magnet and 
hold it in different positions on the side or 
top of theca 


The way this motor works is hard to 
believe, but it’s similar to all ther motors. " 
His pushed andor pulled around by the 

interaction of two magnets. One isthe 

permanent magnet. The other is the coil 
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itself, which becomes an electromagnet when current flows through it. If you've 








played with two magnets, youknow that they aaturlly line upand at 
another in a certain orientation. “Opposites atiract, likes repel” is the ruleat work 
here, The sa 
in its paper clip arms until its north poleis aligned with the permanent magnets 
south pole, or vice versa, 

On the other hand, ifno curr 





is true for this pair of magnets: the coil (with current willturn 





atis flowing through the coil it will follow Issac 
Newtons First Law thatis, it will tend to stay at rest if it is already at rest, or stay 
in motion iis already in motion. 


So the stage is set, If everything is just right it could work. When your motor 








is spinning merrily along, it means that the currentis flowing at just the right 
time so that the coil electromagnet givesa nice shove off the permanent magnet 
‘And then the insulation you didn't scrape off stops the current and the field and 
allows the coil to continge spinning around until it comes to the scraped spot 
again, the current starts, the magnetic field is created, and another push is given 
inthe same direction, 


Plenty of things can go 





wrong vith this sjstem, but [hi AEE 
if you keep on twesking magnets much, put this book down, stop 
itt will go. You can puta g, put all your oth r the 


tiny piece of paperon one n hold, get some magne 
end of the coil arms to add premien 
bravado, but you'll have eee 


in which you sonally di 


trouble making this motor 
à 
are, after all, quite different 


anything useful. Real ones 









Motor 
Dissection 
E} 













PARTS 
© Motor 

© Nail 

© Needle-nose pliers 









Carefully rip apart a commercial 
motor, With the one featured in this 
book, you can pokea nail under the 
small tabs holding the back tight onto 
the main casing and bend them up- 


Pullit apart and look inside. 
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Pall out the shaft and look for the following parts 


{© Coils, Many small motors, like the one pictured here, have three coils, each 
wrapped around a chunk of laminated metal core. This kind of metal supports 
a strong magnetic field and avoids eddy currents which can oppose the field. 


© Central shaft. The shaft usually sticks out 
ofboth ends ofthe casing through tiny 
bearings. The combination of te shaft, 
‘the cols, and the laminated meral chunks 
is called the rotor, and rotates. When 
referring to its electromagnetic duties, it 
is called the armature. Look for two wire 
ends to each coil and see how they attach 
to the tiny, segmented cylinder near the 
back end of the motor. The brushes rub 
thers, making electrical connections and. 
disconnestionsas the shaft turns. 








{© Brushes. These feathery thin pieces of 
metal connect the wires coming into the 
‘motor to the rotor ofthe motor. They rub 
‘on the tiny cylinder described above,and 
only connect to two of these at a time, as 


shown inthe diagram here. 








contact point 
te battery —> 


Ol| motor shape brushes 


te battery > 





ontact point 





3 connections to ceils = 0, @, © 
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© Permanent magnets. There are usually 
two stuck to the sides of the casing, They 
will be arranged with opposing poles, often 
painted different colors for easy assembly. 
These and the casing are sometimes 
called the stator, and are stationary. Their 
purpose is to createa magnetic field for 
the armature to turn within, You can often 
+p them out by prying out a tiny spring 
holding them in position. 








‘Whereas the stripped-down motor only gets one push per rotation, most 
ciicient motors get many pushes. Three coilsand two magnets mean an 
electromagnet is being pulled and pushed by the permanent magnets three times 
for each rotation. Stronger motors havean even more complicated arrangement 
that results in more and stronger pushes. You will also notice that the commercial 
motor has extremely tight fitting parts—the doser the armature is to the field- 
producing magnets, the less loss there is. Thestripped-down motor described 
above is abysmal: one pathetic coil, one haphazard push per rotation. and all 
kinds of space between the magnet and the coil. There are many other models you 
can make that solve some of these problems and result in a better motor. Simon 
Field has some nice models in his book, Gonzo Gizmos (Chicago Review Press). 
‘You may rip apart a motor someday and find no magnets at all. Unfortunately 
for us magnet-hounds, many motors in the world are not of the type we use 
in this book, thats, DC (direct current). Many motors don't need to move 
from one place to another, and thus can be plugged into the wall, which means 
a connection to reliable AC (alternating current). Most AC motors have no 
permanent magnets, but rather use coils for electromagnets on both the rotor and 
stator It turns out to be more efficent this wap. 
‘These cheap little hobby motors are much more efficient and useful than the 
original motors made back in 1821. But you can learn a lot from building one of 
those 
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Motor Current Use 


When the electric car you just built hits the wall and stops, you'd best 
‘go disconnect the battery because the motor is sucking it dry. I just so 
happens that a motor not turning uses alot more current than ene that 
is tuming. Before explain how that works, take the Cable Car (page 127) 
as an example. There are two motors connected to one set of batteries 

in parallel. Connect them up and make sure they're both spinning. Now 
grab the shaft of one to stop t. Notice the other oneslows down. This 

is not because it is sympathetic and want its buddy to hurry up. It is 
because the one you stopped is hogging the current from the batteries 
and not leaving as much for the other ore. 

At any given instant, a motor’s brushes are connected to the rotor 
and currentis surging through its coils. With current, the coils become 
electromagnets and push and pull on the permanent magnets. If the 
totor i free to turn, this causes it to rotate to a point where the brushes 
move to the next set of connections. The current stops, changes paths, 
and the resulting electromagnets then push and pul again on the 
permanent magrets. The rotor keeps turning and the eyele continues 
This comple cyce, also involving something called "Back EME. gives 
considerable resistance to the battery, iting how fast electricity can 
be used. 

1f. on the other han, the rotor i stopped, the brushes hold one set 
of connections ard the current cortinues without stepping or changing 
directions, This is much easier, and gives less resistance to the battery. 

Thus, the faster the motor shaft changes position: the more resistance 
‘he motor gives to the current flowing through it. A slowet moter will 
have less resistance, and a motor that is stopped wil have litle resistence 
at all. Batteries go deac faster when connected to something with low 
resistance, since more current can flow. Moral: run, don't walk, to your 
car when it its the wall, The ife ofits battery sin danger, 











“vee RNR 


Homopolar 
Motor 






(a) 








|] The motore described in this book use. 
two magnetic poles The armature turns 
berween the poles and the shaft rotates. The 
first motor to be made was actually of a different 
‘sort It utilized only one pole ofa magnet and had a current being 
pushed through that field. Such motors, called homepolar motors, are 
elegant but nearly useless. You can make one easily f you have some 
gold-plated neodymium magnets fnot, you'll ned more patience and. 
finesse, but i’ stil possible, 


PARTS, FANCY MAGNET 

© Gold-plated neodymium magnet ball 
or cylinder 

© Nail or screw, 15 inches long 

© Connection wire 

1AA, C. or D battery 





If you have the fancy magnet, stick itto. 
the head ofa nail or screw. The point of 
the nail should then stick io the bottom of 
a battery and hang down. Run a wire from 
the top ofthe battery dowa to the magnet. 
Dragit along the waist of the magnet. 

M Tne magnet and nail should begin to spin 
rapidly. 








Wrap a short stack of round magnets 
in aluminum foil 





Stand abattery on top of the stack of 
magnets, Shape the wire such that it 

is supported by the tip end on the top 
button of the battery and then coils 
gently down around thebattery, as 
shown above, The ather end ofthe wire 
should be brushing on the foiled stick 
fof magnets. I should be ree to spin, 
but always brushing a bit on the foil, 
‘thus connecting the circuit. 





‘You should be able to get the wire to turn steadily, if not at a breakneck pace. 
To understand how this type of motor works, think about the normal magnet 
version first, The magnetic field in this motor is oriented with one pole up. Thus 
the name *Homopolar” meaning single or one pole, OF course there is another 
pole—every magnet has two poles—but the wire dees not need to approach it. The 


Kinetic Contraptions 





wire dangles past the top pole and into that magnetic field. When it touches the 
foil, a caren: surges through the wire, ard is pashed by the magnetic field, always 
to the side, in the same direction. It pivots on the support at the top and continues 
toe pushed around and around, 

The fancy magnet motor is a bit trickier, The current travels again through the 
wire, but now also through the magnet and the nail to get to the other pole of the 
battery. The magnet itself turns, This stumped me at frst. I knew the current must 
be traveling through the magnet, but in all the motons P’ ever seen, the current 
and the magnetic feld were in two different sections of the motor, After all, they 
have to push on one another: But here they are both together in the magnet, 

Here's the key: while the magnet tuming, its eld is not. It s hanging fom 
‘one pole andis symmetric around that axis. Asit turns, the feld stays stationary. 
Therefore, the current in the magnet is pushing offa stationary magnetic 
field and giving torque to turn the magnet. I have yet to come up witha slick 
demonstration ofthis explanation (which a physics professor gare to me) b 
does explain the movement. 

At best, these homopolar motors are sw, weak, and unimpressive. But 
close your eyes and imagine you are Michel Faraday in 1821, about a year afer 
ekctricty and magnetism had been linked. You havea wire hanging in a pool of 
mercury. You stand a large magnet so that it sticks up through the center ofthe 
pool You know mercury is a conductor and you senda strong current lowing 
through the wire-and-mercury circuit, The wire begins to make lazy circles 
around the center magnet and doesn't stop until you stop the current. This is big 
staff: finally, a way to get electricity and magnetism to make continuous motion— 
the beginnings of making it do work for us. The electric washing machine istil a 
few years, actually decades, of, but you know you're on to something. 




















Glue the Side Mount Roach (page 
22), with no battery, in the top 
corner of the cardboard as shown. 
Glue the cork to ene end of, and 





ghue ortape the third motor to the 
sie ofthe cork so that its shaft 
points straight up 
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Clip the other Side Mount Roach to 
the edge ofthe cardboard so that the 
two motors are lined up, shaft to shafi. 
Connect them with a rubber band of 
just the right length taped a each end 
to a segment ofhot gue. Pat nail holes 
in the hot glue segments and jam them 
‘onto the two motor shafts. This is a 
flexible connection between the two 
motar shafts, 








Stick something on the shaft ofthe 
motor affixed to the cork so that you 
can ste how much it spins. Connect 
the two loose wires to this motor. 
When youturnon the Roach with the 
battery pack, its shaft should turn and 
‘cause the shaft cf the motor on the 
other Roach to turn. Adjust the angle 
‘or tension of the rubber band to get it spinning as fast as possible. The motoc on 
‘the cork should begin to spin. If it doesn't try realigning the motors with linked 
shaits. You can always try adding more batteries, too. 





Tithe spinner does spin, this is proof that the generator—the driven motor—is 
making electricity. The fact that the motoron the cork is spinning much, much 
slower than the motor on the first Roach means that much of the energy has been 
lostin the transfer from motor to generator and back to motor 

This project links everything in the section above. 





© The motor on the Roach powered with batteries is simply acting as a motor: 
taking electricity and converting it to motion, 


© ‘The motor on the other Roach is acting as a generator: taking motion and 
converting it into electricity. 


© The motor on the cork acts as a meter: it turns faster or slower depending on 
how much ekectricity it recedes, 
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You can hook up other things to your 
generator. You wouldat know it by 
ooking at this photo, but I got a dim 
slow from a single holiday light when I 
hooked an additional C battery to the 
battery pack. I couldnt get any glow 
from 3 flashlight bulb, but that doesn't 
mean you shouldn't ty 


Connecting a commercial meterto the 

generator shows that it gives around 
milliamps 

"Tha's pretty weak—no wonder the 

light didn't shine brightly. 








` 


Finally, hooked up the crude meter 1 
made earlier andit jerked responsively 
when the motor was connected. 





Its not much ofa generator; T'I readily admit. But hey, it was built to b 
and we're getting electricity from it. I call that 100 percent magnificent. 





> staff at the Beploratorium 


making Homopolar Motors and the Mete 











Check my Website, wwwcurtgabrielsor.com, for information on ordering parts or kits, 


RETAIL, SCRAP, AND DONATION SOURCES 
Cabinet Shop or Lumber Yard: scrap wood pieces 
Dollar Store: batteries 

Electronics Store: motors, magnes, wire 

Hardware Støre magnets, wire, tools, tape, fastners 
Photo Shap: film canisters 

Paint Shop: paint paddles 

Phone Company Yar: wire 

Radio Station: CDs and CD cases 

Recycling Center: botiles, cans, old speakers for magnets 


School Supply Store: paper, beads, glitter, food coloring, paint, googly eyes, craft sticks, 
pipe cleaners, pompoms 
Second-hand Store: motorized toys for motors, wheels, tasters, te, 











‘he Watsonville Environmental Science Workshop is located within the 

‘Community Center at Marinovich Pask, 120 Second Street, in Watsonville 
California. It was founded in 1997 and is one of 12 such programs nationwide. 

‘The Workshop is not only a broad after-school program, it isalso unique 
‘community resource. The Workshop complements the science and math 
education students get from schools, and allows them to pursue their own, 
{interests The Workshop gives local kids and their families the opportunity to 
explore together ina rch, stimulating, and safe envionment with adults present 
who care about their development, not only in academics or science, but also as 
whole people. 

‘The core of our program isthe open-structure, open-door Workshop. After 
school and on Saturdays, community kids and their families are free to come and 
construct the projects of their imaginations. While they are here, they experience 
‘our exhibits and project model in addition to whatever project they choose to 
construct. They learn to use tools on a plethora of different materials, geting 
direct experience in science, math, and engineering, They get the opportunity 
to learn through inquiry, exploration, and peer consultation. The competence 
they gain builds true confidence. All the while, they are subconsciously defining 
“science” for themselves, and the definition involves fun and success. Al this is 
markedly different from what most of them getin school, 

In addition to the core Workshop program, we take our most popular 
hands-on science projects to around 18 local school sites through our Science 
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“Teach program, in which ead teachers and high schoclers team up to do the 
teaching. The SH Cowell Foundation and other after-school grants through the 
Pajaro Valley Unified School District support the Science Teach Project. Two 
alternative high schools bring their lasses to the Workshop oncea week for a 
formal hands-on science lesson complete with notes and write-up. Several field 
trips and camping trips each year get students out into the local environment. 
We work closely with the other environmental education programs of the City of 
Watsonville. Teachers frequent the Workshop for informal consultations on how 
to succeed with hands-on lessons for their classes, and we occasionally do mass 
teacher training as well 

Our funding comes approximately two-thirds from the City of Watsonville 
and one-third from grants and school district support for our work with schools. 
Everything we do employs recycled, reclaimed, and scrap objects, so that students 
are made firmly aware of the value and potential of the materials around them. 
‘Conservation principles are conveyed, as well as the presence of sclence in 
everyday life: students become aware that science is everywhere, not just in special 
Jabs and kits. In addition, this practice keeps our costs low and our Workshop 
sustainable, We always welcome donations of interesting junk. 


For more information, please contact us; 


Curt Gabrielson 
Watsonville Environmental Science Workshop 
120Second St. 

Watsonville, CA 95076 

Tel: (831) 768-3256 

Fax (831) 763-4018 
www.clwatsonville.ca.us/scienceworkshop 





Stomp Rockets, Catapults, 
and Kaleidoscopes 
30+ Amazing Science Projects You 
Can Build for Less than $1 


918-556537 
516.95 (CAN 1895) 





How does a toilet fush? Find out with a pair oftwo-iter bottles and alength of 
rubber tubing. What about the fingers on your hand? Build a working model 
‘ofits muscles, bones, and tendons using drinking straws, craft ticks, ape, and 
string. Theseand éozens of other hands-on projects can be found in Stomp 
Rockets Catapults, and Kaleidoscopes, Bach device has been designed to use 
recycled or nearly free materials. Author Curt Gabrielson has created and refined 
tays and demonstrations that children wil find exciting to construct and operate. 
Readers will get experience working with common tools and be encouraged to 
modify. gauge, and improve the designs. Each project includes matersls and 
tools lists. step-by-step instructions with photographs, and a summary ofthe 
science concept being demonstrated. Teachers will also appreciate the optional 
follow-up questions to gauge student understanding. 








Soda-Pop Rockets 
20 Sensational Rockets to 
Make from Plastic Bottles 


by Paul Jarvis 


9781-55652-9603 
$16.95 (CAN Si) 





Anyone can recycle a plastic bottle by tssingit into a bin, but it takes a bit of 
skill to propel it into that bin from 500 feet away. Skill, and a copy of Soda-Pop 
Rockets, 

Author and engineer Paul Jarvis has designed 20 different exsy-to-launch 
rockets that can be built from discarded plastic driak bottles. After karning how 
to construct and fly a basie model readers will find out new ways to modify and 
improve their designs, including built-on fins, nosecones, and parachutes that 
‘enable a rocket to float safely back wo earth. More complex designs include two- 
threes, and five-bottle rockets, gliding rockets, long tail rockets, cluster rockets, 
whistling rockets, ring-finned rockets, and a jumbo version made from a five- 
gallon water-cooler tank. 











Amazing Rubber Band Cars 
asy-to-Bulld Wind-Up Racers, 
Models, and Toys 


by Mike Rigsby 


978-5565-7364 
Si2.95 (CAN 52.95) 





“These projects are fun to construct, and inquisitive minds will be fascinated by 
the moving cars, whether done for a science project or strictly for leisure time 
enjoyment” — School Library Journal 


There's no need for expensive construction kits it you have a handful of rubber 
bands,a bottle of glue, a pile of recycled cardbosrd, and a copy of Am 
Rubber Band Cars. Author and engineer Mike Rigsby gives kids wbat they 

need to know to build a variety of racers, including templates and step-by-step 
instructions. Once readers have buil: the basic rubber band car, they can modify 
their designs—replacing the wheels with discarded CDs, installing axle beariz 








made of aluminum foil, and improving the rubber band drives to make their cars 
even fart 
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Haywired 
EXECTRONCALL Keunen Pointless (Yet Awesome) Projects 
forthe tiectronically Indlined 


by Wike figsby 





35052-7791 
£1695 (CAN $1895) 





less you live in a haunted house, the eyes on your paintings probably don't 
follow youaround. However, witha couple of motion sensors, two motors afew 
transistors resistors, diodes and wires you can convert e Van Gogh printinto a 
macabre masterpiece with a mind ofits own. Haywired proves that science c 
Inspire odd contraptions: Create a Mona Lisa that smiles even wider when you 
approach it. Leam how to build and record atalking alarm, or craft your own 
talking greeting card. Construct a no-battery electric car toy that uses a super 
capacitor, or a flashlight that can be charged in minutes then shine for 24hours. 
‘Written for budding electronics hobbyists, author Mike Rigsby offers helpful 


hintson soldering, wire wrapping and multimeter use. 























The Way Toys Work 
The Science Behind the Magic 8 Ball, Etch 
A Sketch, Boomerang, and More 


we 
WERK 


Test nd Ma a 


Bmoa 





by tdand Woody obey 





978-1-55652-745-6 
S495 (CAN S695) 


“This book is sure to provide hours of entertainment and enlightenment.” 
—Scheo! Library Journal 


How does an Etch A Sketch write on its gray screen; why does a boomerang, 
return after It is thrown, and how does an R/C car respond 1o a ralio-control 
device? Father/son author duo Ed and Woody Sobey explain the science hidden 
in these and dozens more of the world’ most popular toys, Each of the 50 entries 
includes its history, patent application drawings, interestingtrivia and a 
discussion ofthe technology involved. The authors even inchade pointers on 

kow to build your own using recycled matorials and alittle ingenuity and tips 

‘on reverse engineering ald toys to get a better look at their interior mechanics 
Readers willalso enjoy photos of the "guts" of the devices, including a flleted Big 
Mouth Billy Bass. The only thing you wort leara is how the Magic 8 Ball is able 
to predict the future—some things are better left a mystery. 

















Gonzo Gizmos 
Projects E Devices to Channel Your Inner Geek 





by simon Field 







978-1-55652-520-9 
$695 (AN $8.95) 





“Excellent.” —Science Books & Films 
ji 


Return of Gonzo 


More Projects £ Devices to 
Channel Your inner Geek 





rmos 


by Simon field 


978-1-55652610°7 
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Cling all tirckastikeren! Author Simon Fld has amassed a collection 
of since projec, from hydrogen fual calle to Vacum pops to computer 
Controlled radio raster, Leam hon to take derailed plant cell photographs 
Ahvough a microscope using a disposable camera. 1n 13 minutes, bula a Pocket 
engine out of aluminum foil paper lips, and kitchen matches, Or construct a 
geodesie dome out of udrepe and barbeque skewers Each experiment conains 
Mustated step-by-step Instructions with photographs and diagrames 10 make 
onstruction easy Organized by science ple, each chapter includes explanations 
SE the physics cerry biology, or mathemates behind tbe prea Most of the 
device are built using common household products, or compen available at 
hardware or electronic stores A few projec sach a% a metal aloy tat is gd 
at roem temperature, require a limited number of items readily available through 
Science supply calalogs. No workbench warrior science teacher, ar grown-up geek 
‘hou he without these idea filed resources 
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very workbench warrior has a few hobby motors 
around, pulled out of broken toys or rescued from 


ld electronics kits They're cheap, available, and 





h Kinetic Contraptions, essential for building inge- 
nious devices that move across the land, over the sea, 
and through theair, 
Kids will construct a hovercraft out of a Styrofoam 
plate, binder clips, two corks, anda miniature fan or build 
an airboat using paint stirrers, a black at wood, paper cups, 
and a motor-driven plastic propeller: Other projects include: i 
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Bubble Maker 
Cable Car 
Plano-om-a-Stick 
Wave Machine 


Tornado in a Tube 
And mora! 

Each of the two-dozen mechanisms is created fron low-cost or free, recycled materials 
and is clearly explained with step-by-step instructions with photographs, 
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